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FOREWORD 
Roughly 1 . 6  b i l l i o n  p e o p l e ,  40 p e r c e n t  o f  t h e  w o r l d ' s  popu- 
l a t i o n ,  l i v e  i n  urban a r e a s  today .  A t  t h e  b e g i n n i n g  o f  t h e  l a s t  
c e n t u r y ,  t h e  u r b a n  p o p u l a t i o n  o f  t h e  world t o t a l e d  o n l y  25 m i l -  
l i o n .  According t o  r e c e n t  Uni ted  Na t ions  e s t i m a t e s  a b o u t  3.1 
b i l l i o n  p e o p l e ,  t w i c e  t o d a y ' s  u r b a n  p o p u l a t i o n ,  w i l l  be l i v i n g  
i n  u rban  a r e a s  by t h e  y e a r  2000. 
S c h o l a r s  and p o l i c y  makers o f t e n  d i s a g r e e  when it comes t o  
e v a l u a t i n g  t h e  d e s i r a b i l i t y  o f  c u r r e n t  r a p i d  r a t e s  o f  u r b a n  growth 
and u r b a n i z a t i o n  i n  many p a r t s  o f  t h e  g lobe .  Some see t h i s  t r e n d  
a s  f o s t e r i n g  n a t i o n a l  p r o c e s s e s  o f  socioeconomic development ,  pa r -  
t i c u l a r l y  i n  t h e  p o o r e r  and r a p i d l y  u r b a n i z i n g  c o u n t r i e s  o f  t h e  
Th i rd  World; whereas  o t h e r s  b e l i e v e  t h e  consequences  t o  be  l a r g e l y  
u n d e s i r a b l e  and a r g u e  t h a t  such u r b a n  growth s h o u l d  b e  s lowed down. 
A s  p a r t  of  a  s e a r c h  f o r  c o n v i n c i n g  e v i d e n c e  f o r  o r  a g a i n s t  
r a p i d  r a t e s  o f  u r b a n  growth i n  d e v e l o p i n g  c o u n t r i e s ,  s c h o l a r s  i n  
t h e  P o p u l a t i o n ,  Resources ,  and Growth Task have been c o n s t r u c t i n g  
g e n e r a l  e q u i l i b r i u m  models f o r  Mexico, Sweden, Hungary, and Japan.  
The purpose  o f  t h e s e  models i s  t o  d e s c r i b e  t h e  fundamenta l  a s p e c t s  
o f  t h e  p r o c e s s  o f  demoeconomic development  and s t r u c t u r a l  change 
bo th  i n  h i s t o r i c a l  and contemporary  s e t t i n g s .  T h i s  p a p e r  summa- 
r i z e s  and r e v i e w s  t h e s e  models  and o f f e r s  s u g g e s t i o n s  f o r  f u t u r e  
r e s e a r c h .  
A l i s t  o f  t h e  p a p e r s  i n  t h e  P o p u l a t i o n ,  Resources ,  and Growth 
S e r i e s  a p p e a r s  a t  t h e  end o f  t h i s  r e p o r t .  
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ABSTRACT 
Genera l  e q u i l i b r i u m  s i m u l a t i o n  modeling h a s  become one o f  
t h e  s t a n d a r d  t o o l s  o f  a n a l y z i n g  v a r i o u s  economic f o r c e s  w i t h i n  
and among n a t i o n s .  S e v e r a l  models o f  t h i s  t y p e  have been b u i l t  
i n  t h e  Human S e t t l e m e n t s  and S e r v i c e s  (HSS) Area t o  s t u d y  econ- 
omic f o r c e s  and t h e i r  i n t e r a c t i o n s  w i t h  demographic f o r c e s .  
T h i s  p a p e r  summarizes t h e s e  models and rev iews  t h e  advan- 
t a g e s  and d i s a d v a n t a g e s  o f  g e n e r a l  e q u i l i b r i u m  modeling and o f  
t h e  s p e c i f i c  s p e c i f i c a t i o n s  chosen  by t h e  a u t h o r s .  The models 
reviewed h e r e  i n c l u d e  a  p r o t o t y p e  model and t h r e e  c a s e - s t u d y  
models  (Mexico, Sweden, and Hungary) .  A b r i e f  d e s c r i p t i o n  o f  
a n  e a r l i e r  d u a l i s t i c  p r o t o t y p e  model and a  f o u r t h  c a s e  s t u d y  
( J a p a n )  a r e  g i v e n  i n  t h e  Appendices.  
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1.  INTRODUCTION 
Urbanizat ion-a measure of  t h e  p r o p o r t i o n  o f  p o p u l a t i o n  re- 
s i d i n g  i n  urban areas-is i n c r e a s i n g  r a p i d l y  i n  m o s t  d e v e l o p i n g  
* 
c o u n t r i e s .  A n a l y s t s  and p o l i c y  makers,  however, are  s h a r p l y  
d i v i d e d  i n  t h e i r  e v a l u a t i o n  o f  t h e  d e s i r a b i l i t y  o f  t h i s  r a p i d  
i n c r e a s e .  Proponents  o f  u r b a n i z a t i o n ,  on t h e  o n e  hand,  c o n s i d e r  
growth o f  urban a c t i v i t i e s  as a n e c e s s a r y  c o n d i t i o n  f o r  t h e  de- 
velopment  o f  t h e  t o t a l  economy and,  as a r e s u l t ,  t h e  r a i s i n g  o f  
l i v i n g  s t a n d a r d s .  Without  a r a p i d  growth o f  u rban  a c t i v i t i e s ,  
it i s  argued ,  p r o d u c t i v i t y  would remain l agged  and f u r t h e r  growth 
would d i m i n i s h .  Opponents,  on t h e  o t h e r  hand, h o l d  t h e  view t h a t  
u n d e s i r a b l e  consequences  o f  r a p i d  u r b a n i z a t i o n  f a r  outweigh t h e  
d e s i r a b l e  ones ,  r e g a r d i n g  m o s t  governments as i n c a p a b l e  of  cop ing  
w i t h  t h e  r a p i d  change s a t i s f a c t o r i l y .  They a r g u e  t h a t  t h e  r a t e  
o f  u r b a n i z a t i o n  s h o u l d  be slowed down o r  a t  leas t  urban  a c t i v i -  
t i e s  shou ld  b e  more d i s p e r s e d .  
I n  t h e s e  s h a r p l y  d i v i d e d  arguments ,  b o t h  p a r t i e s  have de- 
pended h e a v i l y  on t h e  r e s u l t s  o f  p a r t i a l  and s t a t i c  a n a l y s e s .  
For  example, some s t u d i e s  look  o n l y  a t  e f f i c i e n c e s  i n  p h y s i c a l  
p r o d u c t i o n  i n  s i n g l e  t i m e  p e r i o d s ,  w h i l e  o t h e r s  look  o n l y  a t  t h e  
*See, f o r  example, Rogers  (1977, 1980) .  
d e t r i m e n t a l  a s p e c t s  o f  urban l i f e .  Seldom h a s  t h e  u r b a n i z a t i o n  
phenomenon been s t u d i e d  a s  a  u n i t  encompassing a l l  i n t e r a c t i n g  
f o r c e s  o f  a n  economy: u rban ,  r u r a l ,  consumption,  and p r o d u c t i o n  
f o r c e s .  I t  i s  a l s o  r a r e  t h a t  u r b a n i z a t i o n  is  s t u d i e d  a s  a  p a r t  
o f  t h e  dynamic changes  o f  a n  economy even though u r b a n i z a t i o n  
i t s e l f  i s  caused by and c a u s e s  t h e s e  changes .  
C l e a r l y  a  more h o l i s t i c  approach i s  what w e  need: a n  ap- 
proach t h a t  a l l o w s  a n  a n l y s i s  o f  a  dynamic sys tem,  a  d e v e l o p i n g  
economy i n  i t s  e n t i r e t y .  
The models reviewed h e r e  were b u i l t  w i t h i n  t h e  Human S e t t l e -  
* 
ments and S e r v i c e s  (HSS) Area w i t h  t h i s  a s  a  g o a l .  I t  was i n -  
t ended  t h a t t h e a n a l y s e s  u s i n g  t h e s e  models would i d e n t i f y  v a r i o u s  
d i r e c t  and i n d i r e c t  f o r c e s  t h a t  d e t e r m i n e  t h e  p a t t e r n  o f  u rban iza -  
t i o n  and would c l a r i f y  t h e  consequences  o f  c e r t a i n  p o l i c y  o p t i o n s  
i n  t h e  p e r s p e c t i v e  o f  t h e  economy i n  g e n e r a l .  I n  o r d e r  t o  a c h i e v e  
t h i s ,  t h e  models were b u i l t  t o  e n a b l e  one t o  examine v a r i o u s  d i -  
rec t  and i n d i r e c t  r e s p o n s e s  o f  a  d e v e l o p i n g  economy t o  demographic,  
economic, and o t h e r  exogenous changes .  They, t h e r e f o r e ,  a r e  a b l e  
t o  d e s c r i b e  t h e  p a s t ,  a s s e s s  t h e  f u t u r e ,  and d i s p l a y  r e l e v a n t  
p o l i c y  o p t i o n s  f o r  t h e  whole economy. A t  t h e  same t i m e ,  however, 
t h e y  remain s m a l l  enough t o  m a i n t a i n  t h e i r  a n a l y t i c a l  t r a c t a b i l i t y  
and n o t  become s imply  "b lack  boxes. " 
A l l  t h e  models a r e  i n  a  d u a l i s t i c  g e n e r a l  e q u i l i b r i u m  frame- 
work c h a r a c t e r i z e d  by t h e  work o f  K e l l e y ,  Wil l iamson,  and Cheetham 
(1972) .  The t e r m  " d u a l i s t i c "  used h e r e  r e f e r s  t o  t h e  t e c h n o l o g i -  
c a l  dua l i sm d e s c r i b e d  i n  Eckaus (1955) a s  w e l l  a s  consumption 
dual i sm.  [For  r ev iews  of  t h e o r i e s  o f  d u a l i s t i c  econolfiic develop-  
ment,  s e e  D i x i t  (1973) and Lluch ( 1 9 7 7 ) . ]  Accord ing ly ,  i n  t h e s e  
models dua l i sm i s  used i n  t h e  s e n s e  t h a t  d i f f e r e n c e s  e x i s t  between 
modern and t r a d i t i o n a l  s e c t o r s  i n  t h e  t e c h n o l o g i e s  employed and 
i n  consumption p a t t e r n s .  Q u i t e  o f t e n  t h i s  m o d e r n - t r a d i t i o n a l  
dichotomy is  regarded  a s  b e i n g  synonymous t o  t h e  u r b a n - r u r a l  o r  
i n d u s t r i a l - a g r i c u l t u r a l  dichotomy. T h i s  i s  u n f o r t u n a t e  because  
b o t h  modern and t r a d i t i o n a l  e l ements  e x i s t  i n  u rban  and r u r a l ,  o r  
i n  a g r i c u l t u r a l  o r  n o n a g r i c u l t u r a l  s e c t o r s .  E f f o r t s  have been 
*The work by Z a l a i  was done j o i n t l y  w i t h  t h e  Systems and 
D e c i s i o n  S c i e n c e s  (SDS) Area .  
made, however, t o  amend t h i s  problem i n  some o f  t h e  models re- 
viewed h e r e ;  K e l l e y  and Will iamson (1980a) f o r  example have i n -  
t r o d u c e d  u rban  t r a d i t i o n a l  s e c t o r s  and r u r a l  n o n a g r i c u l t u r a l  
a c t i v i t i e s  w h i l e  C o l o s i o  (1979) d i v i d e s  a g r i c u l t u r e  i n t o  modern 
and t r a d i t i o n a l  sectors. 
I n  t h i s  paper  f o u r  demoeconomic g e n e r a l  e q u i l i b r i u m  models 
a r e  reviewed,  a n d t w o  more models a r e  b r i e f l y  mentioned i n  t h e  
Appendices.  The f o u r  models a r e  t h e  r e p r e s e n t a t i v e  deve lop ing  
c o u n t r y  ( h e r e a f t e r  c a l l e d  RDC) model by K e l l e y  and Will iamson 
(1980a) ,  t h e  Mexico model by C o l o s i o  ( 1 9 7 9 ) ,  t h e  Sweden model by 
K a r l s t r s m  ( 1980) ,  and t h e  Hungary model by Z a l a i  (1  980) . The 
two models mentioned i n  Appendices 1 and 2 a r e  t h e  model b u i l t  
by Ke l l ey ,  Wil l iamson,  and Cheetham (1972) and t h e  Japan model 
by S h i s h i d o  ( 1 9 8 1 ) .  The former  i s  i n c l u d e d  h e r e  because  it h a s  
been t h e  i n t e l l e c t u a l  s o u r c e  o f  d u a l i s t i c  g e n e r a l  e q u i l i b r i u m  
modeling a t  IIASA. There  i s  a l s o ,  i n  Appendix 3 ,  a b r i e f  summary 
o f  t h e  t h r e e  c a s e - s t u d y  models ,  i n c l u d i n g  some mathemat ica l  
s t a t e m e n t s .  
Before  t h e  models  a r e  reviewed,  however, t h e  assumpt ions  
u n d e r l y i n g  g e n e r a l  e q u i l i b r i u m  models and arguments  f o r  and 
a g a i n s t  t h e i r  u s e  i n  t h e  s t u d y  of d e v e l o p i n g  economies a r e  g iven .  
I t  i s  c o n s i d e r e d  i m p o r t a n t  t h a t  t h e  r e a d e r  b e  aware o f  t h e  p r o s  
and cons  o f  g e n e r a l  e q u i l i b r i u m  models because  it i s  a h i g h l y  
c o n t r o v e r s i a l  i s s u e .  I t  i s  hoped t h a t  t h i s  r ev iew w i l l  s t i m u l a t e  
t h e  i n t e r a c t i o n  o f  demographers and economis t s  w i t h  t h o s e  i n t e r -  
e s t e d  i n  g e n e r a l  e q u i l i b r i u m  t h e o r y  f o r  t h e  f u r t h e r  development  
o f  t h i s  f i e l d  o f  r e s e a r c h .  
2. GENERAL E Q U I L I B R I U M  AND SIKULATION MODELS I N  DEVELOPMENT 
STUDIES 
The u s e  o f  t h e  W a l r a s i a n  g e n e r a l  e q u i l i b r i u m  theory - the  
c o r e  o f  n e o c l a s s i c a l  economics-in t h e  s t u d y  o f  d e v e l o p i n g  econ-  
omies  h a s  o f t e n  been  a s o u r c e  o f  h e a t e d  arguments .  Opponents t o  
t h e  u s e  o f  t h i s  framework a r g u e t h a t  g e n e r a l  e q u i l i b r i u m  assump- 
t i o n s  a r e  u n r e a l i s t i c ,  and  a l t h o u g h  some a u t h o r s  make e x p l i c i t  
c o u n t e r  a rgument s ,  t h e  most  h o n e s t  f e e l i n g s  among b u i l d e r s  and  
u s e r s  o f  s u c h  models  c a n  b e  summarized i n  a s t a t e m e n t  made by 
Lysy and  T a y l o r  ( 1  978 : 6-6) 
Though o f  d u b i o u s  v a l i d i t y ,  t h e  n e o c l a s s i c a l  a p p a r a t u s  
i s  used  w i t h o u t  a p o l o g y ,  b e c a u s e  t h e r e  i s  s o  l i t t l e  
o t h e r  t h e o r y  t h a t  h a s  been  mathemat ized  s u f f i c i e n t l y  
t o  s u p p o r t  n u m e r i c a l  work. 
What k i n d  o f  a s s u m p t i o n s  are "of d u b i o u s  v a l i d i t y "  i n  t h e  
n e o c l a s s i c a l  g e n e r a l  e q u i l i b r i u m  a n a l y s i s ,  and  what  k i n d  ofwwedges"  
do  t h e  model b u i l d e r s  u s e  t o  amend t h i s  d u b i o u s n e s s ?  The s k e l e t o n  
o f  t h e  a s s u m p t i o n s  needed f o r  t h e  e x i s t e n c e  o f  t h e  W a l r a s i a n  gen- 
e r a l  e q u i l i b r i u m  t h e o r y  i s  t h e  f o l l o w i n g .  
( 1 )  Many c o m p e t i t i v e  p r i c e - t a k i n g  f i r m s  w i t h  g i v e n  t e c h -  
n o l o g i e s  t r y  t o  maximize t h e i r  p r o f i t .  T h i s ' r e s u l t s  
i n  f a c t o r  demand and commodity s u p p l y  a t  e a c h  p r i c e  
v e c t o r .  
( 2 )  Many consumers ( h o u s e h o l d s )  w i t h  g i v e n  p r e f e r e n c e s ,  
t r y  t o  maximize u t i l i t y  a t  a  g i v e n  p r i c e .  T h i s  re- 
s u l t s  i n  f a c t o r  s u p p l y  and commodity demand a t  e a c h  
p r i c e  v e c t o r .  
( 3 )  P r i c e s ,  b o t h  o f  f a c t o r s  and  commodit ies ,  a d j u s t  
f l e x i b l y  s o  t h a t  a l l  m a r k e t s  c l e a r .  
These  a s sumpt ions  are  p r i m a r i l y  c r i t i c i z e d  b e c a u s e  models  
b a s e d  on them p o s t u l a t e  t h a t  economies w i l l  b e  i n  e q u i l i b r i u m  a t  
e a c h  t i m e  p e r i o d .  According  t o  t h e  c r i t i c s ,  and I a g r e e  w i t h  
them, d e v e l o p i n g  economies are i n h e r e n t l y  i n  dynamic d i s e q u i l i b -  
r ium.  T h e r e  are n o t  many t h a t  are s o  f l e x i b l e  t h e y  clear  e v e r y  
p e r i o d .  Fur the rmore ,  t h e r e  c a n  b e  more t h a n  one  m a r k e t ,  s e p a r a t e d  
by d i s t a n c e ,  s o c i a l  i n s t i t u t i o n s ,  etc. ,  f o r  t h e  same commodity 
o r  s e r v i c e .  I f  many marke t s  a r e  t h e r e f o r e  n o t  i n  e q u i l i b r i u m ,  
what i s  t h e  u s e ,  t h e  c r i t i c s  a r g u e ,  o f  e q u i l i b r i u m  a n a l y s e s ?  
They a l s o  p o i n t  o u t  t h a t  p r i c e s  do n o t  a d j u s t  i n s t a n t a n e o u s l y ;  
f o r  example, wages ( p r i c e  o f  l a b o r )  are de te rmined  by v a r i o u s  
i n s t i t u t i o n a l  f a c t o r s  and not by economic f o r c e s .  
Another  argument  o f t e n  h e a r d  a g a i n s t  n e o c l a s s i c a l  economics 
i n  g e n e r a l ,  i s  t h a t  i n  d e v e l o p i n g  economies t h e r e  are s o  many 
e l e m e n t s  o f  i m p e r f e c t  competition-monopoly, o l i g o p o l y ,  i m p e r f e c t  
i n f o r m a t i o n ,  e t c . - t h a t  a model o f  c o m p e t i t i o n  among s m a l l  p r i c e -  
t a k i n g  f i r m s  is  a n y t h i n g  b u t  a n  a c c u r a t e  d i s c r i p t i o n  o f  t h e  econ- 
omy. Also ,  a p p l i c a t i o n  o f  t h e  n e o c l a s s i c a l  m a r g i n a l  p r i n c i p l e s  
t o  t h e  p o p u l a t i o n  i n  t h e  t r a d i t i o n a l  s e c t o r ,  h a s  been a rgued  as  
i n a c c u r a t e  s i n c e  i n  t h i s  s e c t o r  l a b o r  and c a p t i a l  income are em-  
p i r i c a l l y  i n s e p a r a b l e .  I n  t h e s e  cases t h e  b e h a v i o r  o f t h e p e o p l e  
i s  o f t e n  bound by t r a d i t i o n  and may n o t  n e c e s s a r i l y  b e  maximiza- 
* 
t i o n  o r i e n t e d .  
F i n a l l y ,  i n  t h e s e  g e n e r a l  e q u i l i b r i u m  models ,  money i s  usu- 
a l l y  a  v e i l .  A l l  demand f u n c t i o n s  are homogeneous o f  d e g r e e  
z e r o  w i t h  r e s p e c t  t o  p r i c e s .  P r i c e s  are u s u a l l y  s i m p l e x  (1 pi = 1 )  
o r  r e l a t i v e  ( r e l a t i v e  t o  a s e l e c t e d  numera i re  good.)  I n f l a t i o n ,  
s a y ,  o f  s e v e r a l  hundred p e r c e n t ,  would n o t  change any rea l  v a r i -  
a b l e .  I t  is  argued  by many, however, t h a t  monetary p o l i c y  d o e s  
have some rea l  e f f e c t s .  E s p e c i a l l y  i n  d e v e l o p i n g  economies,  
f o r c e d  s a v i n g  by i n f l a t i o n  is  more pronounced,  and it c a n  be 
a rgued  t h a t  g e n e r a l  e q u i l i b r i u m  model b u i l d e r s  s h o u l d  t a k e  a t  
l eas t  t h i s  a s p e c t  i n t o  a c c o u n t ,  i n s t e a d  o f  c o n s i d e r i n g  money as 
c o m p l e t e l y  n e u t r a l .  
D e s p i t e  a l l  t h e s e  crit icisms, t h e  amount o f  l i t e r a t u r e  on  
g e n e r a l  e q u i l i b r i u m  a n a l y s e s  o f  d e v e l o p i n g  economies c o n t i n u e s  
**  
t o  grow, and c o u n t e r  arguments  showing t h e  ways i n  which g e n e r a l  
*For d i s c u s s i o n s  on whe the r  p e o p l e  i n  t h e  t r a d i t i o n a l  s e c t o r  
a r e  r a t i o n a l  maximizers  o r  n o t ,  see T.W. S c h u l t z  ( 1 9 6 4 ) ,  Tax ( 1 9 5 3 ) ,  
L i p t o n  (1968) and Eckaus (1976) among o t h e r s .  
**Some such l i t e r a t u r e  n o t  reviewed i n  t h i s  p a p e r  is: Adelman 
and Robinson ( 1 9 7 8 ) ,  d e  Melo and Robinson ( 1 9 8 0 ) ,  Eckaus, e t  a l .  
(1 979) , Lysy and T a y l o r  (1  978) , McCarthy and T a y l o r  ( 1  977) , 
Yap (1 9761, and Berqman and ~ b r  (1980) . T h i s  is  f a r  from a n  ex-  
h a u s t i v e  l i s t .  
e q u i l i b r i u m  t h e o r y  c a n  be used c o n s t r u c t i v e l y  f o r  s t u d y i n g  develop- 
i n g  economies c o n t i n u e  t o  emerge. The f i r s t  c r i t i c i s m  o f  t h e  u s e  
o f  g e n e r a J  e q u i l i b r i u m  i n  s t u d y i n g  a n  economy where t h e  economic 
f o r c e s  a r e  i n h e r e n t l y  i n  d i s e q u i l i b r i u m ,  i s  u s u a l l y  hand led  by 
b r i n g i n g  i n t o  t h e  b r o a d l y  d e f i n e d  n e o c l a s s i c a l  framework some ad 
hoc assumpt ions ,  i . e . ,  n o n n e o c l a s s i c a l  and d i s e q u i l i b r i u m  f e a -  
t u r e s .  Wage r i g i d i t y  and f a c t o r  immobi l i ty  a r e  t h e  most  t y p i c a l  
of  t h e s e  assumpt ions .  The u rban  modern s e c t o r  pays  h i g h e r  wages 
t o  t h e i r  employees t h a n  t h e i r  c o u n t e r p a r t s  i n  t h e  r u r a l  a r e a s  f o r  
v a r i o u s  i n s t i t u t i o n a Z  r e a s o n s .  F a c t o r s  o f  p r o d u c t i o n  a r e  n o t  
h i g h l y  r e s p o n s i v e  t o  t h e i r  own r e t u r n s  and t e n d  t o  a d j u s t  s lowly ;  
f o r  l a b o r ,  t h e y  a d j u s t  th rough  i n t e r s e c t o r a l  ( u s u a l l y  r u r a l - u r b a n )  
m i g r a t i o n ,  and f o r  c a p i t a l ,  t h rough  i n t e r s e c t o r a l  i n v e s t m e n t .  
The arguments  o f  m i g r a t i o n  f u n c t i o n  are most o f t e n  t h e  ( e x p e c t e d )  
wage l e v e l  i n  t h e  u rban  s e c t o r  and t h e  wage l e v e l  i n  t h e  r u r a l  
s e c t o r .  For  t h e  l a t t e r ,  a v e r a g e  income i s  sometimes used  due t o  
t h e  p r o p r i e t o r - l i k e  n a t u r e  of  p e a s a n t s  and s m a l l  f a r m e r s .  F i n a l l y ,  
u n l e s s  e x p l i c i t  unemployment i s  assumed, a n d ' g i v e n  n u m e r i c a l l y ,  
unemployment o f  l a b o r  and e x c e s s  c a p a c i t y  (unemployment) of  c a p i t a l  
a r e  r e f l e c t e d  i n  t h e  lower rates o f  r e t u r n  t o  t h e  r e s p e c t i v e  f a c -  
t o r s .  
The problem o f  i m p e r f e c t  c o m p e t i t i o n ,  t o  t h e  a u t h o r ' s  know- 
l e d g e , h a s  n o t  been r e s o l v e d  a s  y e t  by g e n e r a l  e q u i l i b r i u m  model 
b u i l d e r s  w i t h  any amendment t h a t  i s  c l o s e  t o  r e a l i t y .  (See ,  how- 
e v e r ,  a  comment made by Adelman and Robinson, 1978:30.! P e r f e c t  
c o m p e t i t i o n  among p r i c e  t a k e r s  is u s u a l l y  assumed. N e g i s h i  (1960) 
d i d  s t u d y  e q u i l i b r i a  i n  m o n o p o l i s t i c  c o m p e t i t i o n ,  b u t  t h e  p a t h  
o f  h i s  l i t e r a t u r e  h a s  deve loped  a l o n g  t h e  non-Walrasian e q u i l i b -  
r ium l i n e  which, a t  t h i s  s t a g e ,  d o e s  n o t  a l l o w  n u m e r i c a l  and em- 
p i r i c a l  a n a l y s e s .  
The monetary s e c t o r  i n  g e n e r a l  e q u i l i b r i u m  models  h a s  u s u a l l y  
been exc luded .  But  t h e  e f f e c t  o f  i n f l a t i o n  on t h e  poor  and on 
s a v i n g  p a t t e r n s  c a n  b e  examined by f i x i n g  t h e  nominal wage, f o r  
example, of  u n s k i l l e d  l a b o r ,  and l e t t i n g  t h e  g e n e r a l  p r i c e  l e v e l  
go up. T h i s  h a s  been done by Adelman and Robinson i n  t h e i r  model 
o f  Korea and Lysy and T a y l o r  i n  t h e i r  B r a z i l i a n  n o d e l .  But i n  
t h e  models reviewed h e r e ,  money i s  r e g r e t t a b l y  c o n s i d e r e d  as a 
v e i l .  
By combining all these neoclassical assumptions, non- 
neoclassical wedges, and other ad h o c  features, a so-called com- 
putable general equilibrium model can be built. Despite the 
argument against using the concept of "equilibrium," these models 
are built to find a fixed point where markets clear w i t h  w e d g e s .  
They interpret this point as a proxy of where the real economy 
is or could be if managed efficiently. For our purposes here we 
tend to take the former interpretation and use the model for 
analyses of policy alternatives, hoping that this simulated econ- 
omy suits this purpose. 
At IIASA we have opted for the simulation rather than the 
optimization method of operationalizing these models. The term 
"simulation" is vague. Here we follow the tradition of Kelley, 
Williamson, and Cheetham (1972) or Kelley and Williamson ( 1  974), 
and use the term in the sense of calibrating a model with avail- 
able data for a selected base year, with prameters taken from 
* 
other partial analyses or merely conjectured. If the output of 
the iterations converges to a reasonable price vector, we simulate 
the model and see if it tracks the history to a comfortable de- 
gree of precision. After the model passes this e z  p o s t  test, we 
use it for various comparative counterfactual analyses. The 
serious problemwith this method is the fact that parameters are 
not determined by a consistent process of estimating a simultan- 
eous equation system in the conventional sense. The richness in 
specifications seen in these models always insures that there are 
more parameters than there are series of observations-making 
the system underidentified. A much longer passage of time would 
be needed before we could acquire enough data and techniques to 
obtain robust estimates of most of these paramters. The only 
alternatives available to us today, therefore, are either to make 
educated guesses on the values of key parameters, or to adapt a 
*This "guesstimation," as it is popularly called, could be 
done using other methods such as optimization models, but in this 
particular method of simulation, its use is more prevalent and 
extensive mainly because of the richness of specification. 
s i m p l e r  framework u s i n g ,  f o r  example, Cobb-Douglas p r o d u c t i o n  
f u n c t i o n s  w i t h  o n l y  Hicks n e u t r a l  t e c h n i c a l  p r o g r e s s .  For an  
example of  a n  e l a b o r a t e  s t u d y  w i t h  a  s imple  framework, see Engle 
( 1 9 7 9 ) .  W e  have chosen  t h e  f i r s t  a l t e r n a t i v e  because  o f  o u r  
d e s i r e  t o  i n c l u d e  s e n s i t i v i t y  and c o u n t e r f a c t u a l  a n a l y s e s  where 
such  pa ramete r  v a l u e s  a s  e l a s t i c i t y  o f  s u b s t i t u t i o n  p l a y  impor- 
t a n t  r o l e s .  
3 .  THE KELLEY-WILLIAMSON RDC MODEL 
* 
An O v e r a l l  Review 
The RDC model deve loped  by K e l l e y  and Will iamson (1980a) h a s  
v a r i o u s  f e a t u r e s  f o r  s t u d y i n g  a  s m a l l ,  open,  and u r b a n i z i n g  de- 
v e l o p i n g  c o u n t r y .  I t  i s  a n  e i g h t  s e c t o r  model: two modern 
s e c t o r s ,  t h r e e  t r a d i t i o n a l  s e c t o r s ,  and t h r e e  hous ing  s e c t o r s .  
C a p i t a l  i n t e n s i v e  s e r v i c e s  (KS) and manufac tu r ing  (M) are t h e  
modern s e c t o r s ,  and t h e  t h r e e  t r a d i t i o n a l  s e c t o r s  are  urban t r a -  
d i t i o n a l  s e r v i c e  (US),  r u r a l  s e r v i c e  (RS) , and a g r i c u l t u r e  (A) . 
Housing s e c t o r s  i n c l u d e  h i g h e r - c o s t  urban h o u s i n g  b u i l t  by  the'^^ 
s e c t o r ,  lower -cos t  urban hous ing  b u i l t  by t h e  .US s e c t o r ,  and 
r u r a l  hous ing b u i l t  by t h e  RS s e c t o r .  The two u rban  hous ing  sec- 
t o r s  u s e  l a n d - e x p l i c i t l y  which means t h a t  t h e  urban l a n d  i s  con- 
s i d e r e d  a s  one  o f  t h e  scarce r e s o u r c e s ,  w h i l e  i n  t h e  r u r a l  a r e a  
l a n d  f o r  r e s i d e n t i a l  u s e  i s  supposedly  abundant .  Among. t h e  ser- 
v i c e s  p rov ided  by t h e  t h r e e  s e r v i c e  s e c t o r s ,  o n l y  t h o s e  i n  t h e  
KS s e c t o r  ( t r a n s p o r t a t i o n ,  e l e c t r i c i t y ,  e tc . )  are i n t e r r e g i o n a l l y  
t r a d e a b l e ,  and t h e  t w o  t r a d i t i o n a l  s e r v i c e  sectors (US,RS) pro-  
v i d e  n o n t r a d e a b l e  s e r v i c e s .  T h i s  n o n t r a d e a b i l i t y  o f  t r a d i t i o n a l  
s e r v i c e s ,  t o g e t h e r  w i t h  t h e  d i f f e r e n c e s  i n  hous ing  c o s t ,  g i v e s  
t h e  c o s t - o f - l i v i n g  d i f f e r e n t i a l s  between t h e  urban and r u r a l  re- 
g i o n s ,  which c o u l d  become a  c r u c i a l  f a c t o r  i n  t h e  decis ion-making 
p r o c e s s  of  r u r a l - u r b a n  m i g r a t i o n .  
There  a r e  f o u r  p r o d u c t i o n  f a c t o r s :  s k i l l e d  l a b o r ,  u n s k i l l e d  
l a b o r ,  c a p i t a l ,  and l a n d .  I n  t h e  two modern s e c t o r s ,  s k i l l e d  
l a b o r ,  u n s k i l l e d  l a b o r ,  and c a p i t a l  are employed. The s k i l l e d  
*This  review i s  b r i e f .  A more d e t a i l e d  rev iew a p p e a r s  i n  
Sanderson ( 1 9 8 0 )  and o n l y  t h e  s k e l e t o n  of  t h e  model i s  d e s c r i b e d  
h e r e .  
l a b o r  f o r c e  i s  t r a i n e d  from t h e  poo l  o f  u n s k i l l e d  l a b o r .  The 
t r a i n i n g  i s  c o n s i d e r e d  a s  a  human c a p i t a l  i n v e s t m e n t  depending 
on t h e  r e t u r n  t o  s k i l l  and competing f o r  f u n d s  w i t h  t h e  p h y s i c a l  
c a p i t a l  inves tment .  The c o s t  o f  t r a i n i n g  i s  supposed t o  be 
covered  comple te ly  by t h e  two s k i l l - u s i n g  s e c t o r s .  I n  o t h e r  
words, t r a i n i n g  i s  t o t a l l y  s e c t o r - s p e c i f i c .  Another  assumpt ion  
employed i n  p r o d u c t i o n  r e l a t i o n s  i s  t h a t  c a p i t a l  and s k i l l  a r e  
complementary (e .g . ,  F a l l o n  and Layard 1 9 7 5 ) :  t h e  more c a p i t a l  
equipments  e x i s t ,  t h e  more s k i l l  i s  r e q u i r e d .  Because o f  t h i s  
assumpt ion ,  c a p i t a l  accumula t ion  i n c r e a s e s  t h e  demand f o r  
s k i l l e d  l a b o r .  Whether o r  n o t  t h e  wage f o r  s k i l l  i n c r e a s e s  
depends on t h e  s u p p l y  e l a s t i c i t y  o f  s k i l l ,  which i n  t u r n  
depends on t h e  government ' s  g e n e r a l  e d u c a t i o n  p o l i c i e s .  I t  i s  
a l s o  notewor thy t h a t  t h e  assumpt ion  o f  r i g i d  i n p u t - o u t p u t  r e l a -  
t i o n s  i s  n o t  used  i n  t h e  RDC model; i n t e r m e d i a t e  i n p u t s  a r e  
used  d i r e c t l y  i n  p r o d u c t i o n  f u n c t i o n s ,  a l l o w i n g  f o r  t h e  i n p u t  
s u b s t i t u t i o n s  from r e l a t i v e  p r i c e  changes.  
Two t r a d i t i o n a l  s e r v i c e  s e c t o r s  (US,RS) o n l y  u s e  u n s k i l l e d  
l a b o r  w i t h  d i m i n i s h i n g  r e t u r n s ,  and t h e  l a b o r e r s  r e c e i v e  t h e  
a v e r a g e  p r o d u c t  a s  t h e i r  income, w h i l e  a l l  f a c t o r s  o f  p r o d u c t i o n  
i n  o t h e r  s e c t o r s  r e c e i v e  t h e i r  marg ina l  p r o d u c t .  The a g r i c u l -  
t u r a l  s e c t o r  u s e s  u n s k i l l e d  l a b o r ,  c a p i t a l ,  and l a n d .  
The f a c t o r  marke t s  a r e  supposed t o  be i m p e r f e c t .  The a l -  
l o c a t i o n  o f  p h y s i c a l  i n v e s t m e n t  among c a p i t a l - u s i n g  s e c t o r s  (KS; 
M ,  and A) is  de te rmined  by a r e t u r n - d i f f e r e n t i a l - m i n i m i z a t i o n  
a l g o r i t h m  w i t h o u t  f o r c i n g  t h e  d i s a p p e a r a n c e  o f  r e t u r n  d i f f e r e n -  
t i a l s .  With t h e  i m p e r f e c t  c a p i t a l  market ,  low c o s t  hous ing  in-  
ves tment  is a l l  s e l f - f i n a n c e d .  T h i s  means t h a t  t h e  p r i v a t e  
s a v i n g  a v a i l a b l e  f o r  i n v e s t m e n t  i n  p h y s i c a l  c a p i t a l  and human 
c a p i t a l  is t h e  s a v i n g  n e t  o f  t h e  fund r e q u i r e d  f o r  hous ing  i n -  
ves tment .  A s  t o  t h e  l a b o r  marke t ,  t h e  most i m p o r t a n t  a s p e c t  o f  
i t s  a l l o c a t i o n  i n  t h e  model is t h e  r u r a l - u r b a n  m i g r a t i o n .  Peop le  
a r e  supposed t o  compare t h e  d i f f e r e n t  l e v e l s  o f  w e l f a r e  t h e y  
c o u l d  e n j o y  i n  u rban  and r u r a l  a r e a s .  A t  t h i s  moment, it i s  
s imply  assumed i n  t h e  model t h a t  t h e  l e v e l  o f '  income d e f l a t e d  
by c o s t - o f - l i v i n g  i n  each  of  t h e  two a r e a s  i s  t h e  major  f a c t o r  
d e t e r m i n i n g  t h e  l e v e l  o f  w e l f a r e ,  and t h a t  p e o p l e  would r e a c t  t o  
d i f f e r e n t  l e v e l s  o f  w e l f a r e  by m i g r a t i n g  t o  t h e  h i g h e r  w e l f a r e  
a r e a  w i t h  some t i m e  l a g .  
With regard to consumption demands, the "extended linear 
expenditure system" (ELES) is employed. Its choice, authors 
claim, should be warranted because ( 1 )  it captures the Engel 
effects, (2) it is easy to incorporate different demand patterns 
across regions or sectors, ( 3 )  the concept of basic minimum needs 
can be incorporated, and ( 4 )  the endogenous saving ratio is used. 
All of these are advantageous features for studying a dynamic 
developing economy. 
Finally, the model is closed, with the public and foreign 
sectors always in balance. All the government revenue, through 
tariffs and taxes, are spent in the same year, either for public 
consumption or public investment, and the public investment is 
influenced not only by the total revenue but also by such a 
demographic feature as the rate of urbanization by assuming that 
the higher the pressure of urban growth, the higher the demand 
for public investment. The foreign trade sector is specified 
as always in balance when foreign aid is included. These two 
sectors could include many policy variables which can be used 
for later anlayses of policy options, e.g., various tax and 
tariff rates, the amount and kind of public investment, the rate 
of foreign exchange, and so on. 
Observations 
The RDC model is a great leap forward from the simple frame- 
work of the two-sector general equilibrium the authors used 
before (Kelley, Williamson, and Cheetham, 1972), with a correct 
regard given to the situation of data availability in contempor- 
ary developing countries. Several observations could be made, 
however, on various aspects of the model. Although some obser- 
vations seem to be critical, they are made to remind readers of 
some underlying assumptions of various parts of the model. These 
observations, in addition, sometimes seem to demand more compli- 
cated specifications. It is, however, a matter of choosing an 
optimum complexity in the frustrating trilemrna of reality-data- 
availability-and-analytical tractability. 
Production 
One o f  t h e  c o n t r i b u t i o n s  Ke l l ey  and Will iamson made i n  t h e  
RDC model i s  t o  r e c o g n i z e  t h e  impor tance  of  i n t e r r e g i o n a l l y  non- 
t r a d e a b l e  commodit ies  ( i . e . ,  u r b a n  t r a d i t i o n a l  and r u r a l  s e r v i c e s ) .  
which t o g e t h e r  w i t h  hous ing  r e n t  d i f f e r e n t i a l s  compose i n t e r r e -  
g i o n a l  c o s t - o f - l i v i n g  d i f f e r e n c e s .  These s e r v i c e s ,  t h e r e f o r e ,  
have s t r o n g  i n f l u e n c e s  on  u r b a n i z a t i o n  and c o n s e q u e n t l y  on t h e  
a c t u a l  income d i s t r i b u t i o n .  I t  i s  hoped t h a t  t h e y  have  r e v e r s e d  
t h e  p a s t  t a c i t  tendency o f  modelers  t o  s imply  i g n o r e  such  sec- 
t o r s ,  mainly  because  o f  t h e  d i f f i c u l t y  i n  g e t t i n g  d a t a .  
The c a p i t a l  s k i l l  compl imenta r i ty  i s  s p e c i f i e d  by t h e  
a u t h o r s  i n  t h e  n e s t e d  c o n s t a n t - e l a s t i c i t y - o f - s u b s t i t u t i o n  (CES) 
f u n c t i o n  by F [ @ ( K , S ) , L ] .  Although t h i s  i s  a  u s e f u l  s p e c i f i c a -  
t i o n ,  one  word o f  warning is i n  o r d e r  h e r e .  I t  assumes t h e  
same s u b s t i t u t i o n  pa ramete r  v a l u e s  between " s k i l l "  and c a p i t a l  
t h r o u g h o u t  d i f f e r e n t  development  phases .  T h i s  may b r i n g  a b o u t  
some e r r o n e o u s  r e s u l t s  i f  what one i s  i n t e r e s t e d  i n  i s  a  long- 
term s t r u c t u r a l  change.  For  example, i n  t h e  e a r l y  p h a s e s  o f  de- 
velopment i n  J a p a n ,  t h e  r a t i o  o f  i n v e s t m e n t  i n t o  c o n s t r u c t i o n  was 
h i g h e r  t h a n  i n t o  p r o d u c e r s '  d u r a b l e s ;  l a t e r  t h i s  r a t i o  was re- 
v e r s e d .  I t  i s  n o t  e a s y  t o  b e l i e v e  t h a t  t h e  i n c r e a s e  i n  c a p i t a l  
s t o c k  caused  main ly  by c o n s t r u c t i o n  c o u l d  b r i n g  a b o u t  t h e  same 
i n c r e a s e  i n  demand f o r  " s k i l l "  a s  t h e  i n v e s t m e n t  i n  p r i m a r i l y  
machinery and equipment .  The c o m p l i m e n t a r i t y  shou ld  be  q u i t e  
h i g h e r  i n  t h e  l a t t e r  c a s e .  
The a g r i c u l t u r a l  s e c t o r  has  a  Cobb-Douglas p r o d u c t i o n  func-  
t i o n  i n  t h i s  model.  T h i s  seems t o  b e  q u i t e  a p p r o p r i a t e  f o r  t h e  
g i v e n  assumpt ions  r e g a r d i n g  a  " t y p i c a l "  d e v e l o p i n g  c o u n t r y .  
Arguments a g a i n s t  t h i s  s p e c i f i c a t i o n  may b e  more a p p a r e n t  t h a n  
r e a l ,  g i v e n  e a r l i e r  s t u d i e s  t h a t  show a  d i f f i c u l t y  i n  r e j e c t i n g  
t h e  h y p o t h e s i s  o f  u n i t a r y  e l a s t i c i t y  o f  s u b s t i t u t i o n  (Hayami and 
R u t t a n ,  1 9 7 1 ) .  S p e c i a l  c a s e s  c a n  be a n a l y z e d  s e p a r a t e l y  ( e . g . ,  
C o l o s i o ,  1979) i n c l u d i n g  l a r g e  s c a l e  commercial  a g r i c u l t u r e  o r  
u s e  o f  s k i l l  i n  t h i s  s e c t o r .  
I n  two modern s e c t o r s  and i n  a g r i c u l t u r e ,  Ke l l ey  and Willlam- 
son  now u s e  i n t e r m e d i a t e  i n p u t s  i n  t h e  p r o d u c t i o n  f u n c t i o n ,  there- 
by do ing  away w i t h  t h e  r i g i d  assumpt ions  o f  f i x e d  i n p u t - o u t p u t  
coefficients. This is a great improvement. In the past, many 
studies used fixed intermediate input-output relationships to 
analyze the structural change of an economy: an inherent con- 
tradiction. Still, there are problems with the specification 
used by Kelley and Williamson. One is the method of estimating 
production parameters (share parameters). It may be that, with 
the amount of data available in many developing countries, the 
estimation could be carried out only by simulation-a choice of 
the values that replicate history with a certain degree of pre- 
* 
cision. Another problem refers to the difficulty in incorpora- 
ting input-saving technical progress. Only input substitution 
through relative price change is accounted for. These could be 
topics for future research. 
Urban Land 
Kelley and Williamson incorporate the urban land market. 
This is quite important. In studies focused on urbanization and 
development, ignoring the fact that urban land is a scarce re- 
source could result in misleading conclusions. It would be un- 
realistic to assume that the level of utility depends only on 
income and prices of all consumers' goods except housing. People 
do take into account how'and where they live, and how much it 
costs them to do so. In a developing country, it is surely more 
appropriate to assume that the rent and other direct costs mat- 
ter much more than amenities to a typical resident. In this 
sense, the specification used by Kelley and Williamson is quite 
appropriate. They incorporate derived demand for urban land, 
which determines the rent and the urban area by equilibrating 
with the derived demand for agricultural land. They ignore the 
intraurban transport cost, i.e., non-zero sloped rent gradient. 
Its incorporation is possible but involves the use of highly 
simplifying assumptions, and should be left for case studies 
where these assumptions are not so unrealistic (e.g., countries 
*Luckily, social accounting matrices (SAM) have become very 
popular and many, if not all, countries have given efforts for 
building them. The development in this area would make KW spec- 
ifications more doable. But having a SAM for only one year, the 
base year, allows no estimation possibility for rates of change 
of the use of each intermediate good due to technical progress. 
w i t h  a  h igh  primacy r a t e ,  and w i t h  b i g  c i t i e s  t h a t  a r e  monocen- 
t r i c  and f a i r l y  homogeneous). 
Consumer ' s  Demand 
The u s e  of  ELES i s  proposed i n  t h i s  model r a t h e r  t han  l i n e a r  
s x p e n d i t u r e  sys tems (LES). Th i s  e n a b l e s  endogen i za t i on  o f  s av ing ,  
a n  a t t r a c t i v e  f e a t u r e .  Although it may be t h e  most a p p r o p r i a t e  
consumer ' s  demand s p e c i f i c a t i o n  a v a i l a b l e  t o  d a t e  f o r  s t u d i e s  o f  
d e v e lo p ing  economies, w e  shou ld  be aware o f  a ssumpt ions  behind 
t h i s  n i c e  f e a t u r e .  F i r s t  o f  a l l ,  ELES ( o r  any o t h e r  s p e c i f i c a -  
t i o n )  does  n o t  d e r i v e  an  endogenous s a v i n g s  r a t i o  th rough  c a r r y -  
i n g  o u t  e x p l i c i t  i n t e r t e m p o r a l  u t i l i t y  o p t i m i z a t i o n .  I t  i s  
assumed t h a t  t h e  marg ina l  p r o p e n s i t y  t o  consume i s  t h e  r a t i o  o f  
t h e  s u b j e c t i v e  d i s c o u n t  r a t e  and t h e  i n t e r e s t  r a t e  and i s  sup- 
posed t o  remain c o n s t a n t  ove r  t i m e .  T h i s  c o n s t a n t  p r o p e n s i t y  t o  
* 
consume, p l u s  t h e  F r i s c h  parameter  de t e rmines  t h e  average  s av ing  
* *  
r a t i o .  Although w i t h  t h e  g i v e n  assumpt ions  t h e s e  i n t e r p r e t a -  
t i o n s  a r e  e x c e l l e n t ,  w e  must be  c a r e f u l  t o  examine t h e  v a l i d i t y  
o f  t h e s e  assumpt ions ,  e s p e c i a l l y  i n  time-series a n a l y s e s .  I f  
t h e  c o n s t a n t  marg ina l  p r o p e n s i t y  t o  consume i s  a  m i s s p e c i f i c a t i o n ,  
t h e  r e s u l t  may n o t  p a s s  t h e  e x  p o s t  t e s t  of  s i m u l a t i o n ,  which i s  
l i k e l y  when w e  a r e  d e a l i n g  w i t h  a s  long  a  p e r i o d  a s  h a l f  a  cen- 
t u r y .  I t  cou ld  be t h a t  LES o r  o t h e r  s p e c i f i c a t i o n s  w i t h  exogen- 
ous  ( b u t  v a r i a b l e )  s a v i n g  r a t i o s  might  be b e t t e r  i n  some c a s e s . ?  
*The F r i s c h  pa ramete r  i s  d e f i n e d  a s  t h e  i n v e r s e  o f  t h e  super -  
numerary income r a t i o ,  o r  a s  it i s  o f t e n  c a l l e d  " expend i t u r e  
e l a s t i c i t y  o f  t h e  marg ina l  u t i l i t y  o f  expend i t u r e .  " 
* *  
where S  = average  s av ing  r a t i o ,  11 = marg ina l  p r o p e n s i t y  t o  con- 
sume, and W = F r i s c h  parameter .  
?LES (ELES) a l s o  s u f f e r s  from t h e  a s y m p t o t i c a l l y  u n i t a r y  
income e l a s t i c i t y  a s  ha s  been p o i n t e d  o u t  ( e . g . ,  Sanderson,1980) .  
F o r e i g n  Trade  
For  f o r e i g n  t r a d e ,  t h e  a u t h o r s  chose  t o  u s e  t h e  " v e n t  f o r  
s u r p l u s "  s p e c i f i c a t i o n .  T h i s  s p e c i f i c a t i o n  a l l o w s  a n  a n a l y s i s  
o f  n e t  t r a d e  by s e c t o r .  The o n l y  d i f f i c u l t y  seems t o  b e ' t h a t  
t h e  a g r i c u l t u r a l  e x p o r t  ( X A )  i s  t h e  b a l a n c i n g  f a c t o r  t h a t  e n s u r e s  
t h e  e q u a l i t y  o f  e q u a t i o n  (55)  i n  t h e i r  model ( K e l l e y  and William- 
s o n ,  19$0a:37) : 
where 
4 4 7  PM % = i m p o r t s  of  manufac tu r ing  ( M )  goods measured i n  
t h e  wor ld  marke t  p r i c e  
+Z  + Z  = sum o f  i m p o r t s  o f  raw m a t e r i a l  i n p u t s  t o  KS 
'KS M A 
( c a p i t a l  i n t e n s i v e  s e r v i c e ) ,  M, and A (p r imary)  
s e c t o r s  
- 
PZ = p r i c e  p e r  u n i t  o f  raw m a t e r i a l  i m p o r t s  
-w 
PA XA = e x p o r t  e a r n i n g s  o f  t h e  A s e c t o r  
- 
F  = f o r e i g n  c a p i t a l  i n f l o w  
Unless  t h e  f o r e i g n  exchange r a t e  o r  t a r i f f  r a t e s  f l e x i b l y  a d j u s t  
t o  t h e  wor ld  and d o m e s t i c  c o n d i t i o n s  t o  e n s u r e  t h i s  e q u a l i t y ,  
such phenomena a s  "famine e x p o r t "  become i m p l i c i t  i n  t h i s  spec -  
i f i c a t i o n ,  r a t h e r  t h a n  " v e n t  f o r  s u r p l u s . "  I f  none of  t h e s e  i s  
t h e  i n t e n d e d  c a s e ,  t h e n  w e  need a mechanism t o  a l l o c a t e  f o r e i g n  
exchange on ZA,  Z M ,  and ZKS,  when e x p o r t  e a r n i n g s  are less 
t h a n  i m p o r t  r e q u i r e m e n t s ,  s i n c e  a l l  t h e  p r i c e s  and f o r e i g n  a i d s  
a r e  exogenous i n  t h i s  e q u a t i o n .  One s o l u t i o n  b e s i d e s  t h e  f l e x -  
i b l e  exchange r a t e  would be t o  l e t  t h e  b a l a n c e  o f  payments be 
endogenous and t r e a t  it a s  f o r e i g n  s a v i n g .  Then, 
and 
where 
M = i m p o r t s  
X = e x p o r t s  
D = d e f i c i t  
FS = f o r e i g n  s a v i n g  
GS = government s a v i n g  
PS = p r i v a t e  s a v i n g  
I = i n v e s t m e n t  
I f  t r a d e  p l a y s  a  more i m p o r t a n t  r o l e  i n  t h e  model b u i l d e r ' s  mind, 
t h e n  t h e  Armington s p e c i f i c a t i o n  would be more a p p r o p r i a t e  (see 
S e c t i o n  5 . 2 ) .  
Dynamic A s p e c t s  
The dynamic a s p e c t s  o f  t h i s  3DC model i n c l u d e  i n v e s t m e n t s  
and m i g r a t i o n . .  Inves tments  i n  " s k i l l "  and hous ing  compete f o r  
funds  w i t h  t h e  c o n v e n t i o n a l  p h y s i c a l  p r o d u c t i v e  i n v e s t m e n t s .  The 
a u t h o r s '  s p e c i f i c a t i o n  o f  i n v e s t m e n t  i n  " s k i l l n  i s  e x c e l l e n t .  
They assume t h a t  s k i l l  i n v e s t m e n t  t a k e s  p l a c e  i n  r e s p o n s e  t o  t h e  
r a t e  o f  r e t u r n  on s k i l l ,  and i s  c a r r i e d  o u t  a s  a  s e c t o r - s p e c i f i c  
t r a i n i n g  of two modern s e c t o r s .  The government i s  r e s p o n s i b l e  
f o r  t h e  g e n e r a l  t r a i n i n g ,  which s h i f t s  t h e  s k i l l  s u p p l y  curve- 
o r  t h e  a v a i l a b i l i t y  o f  t r a i n a b l e  labor-which i s  p o s i t i v e l y  
s l o p e d  r e f l e c t i n g  t h e  i n c r e a s i n g  c o s t  o f  t r a i n i n g .  I t  i s  a  
f a i r l y  complex s p e c i f i c a t i o n  compared w i t h  o t h e r  models o f  s i m i -  
l a r  frameworks, which u s u a l l y  i g n o r e  t h e  human c a p i t a l  o r  t a k e  
d i f f e r e n t  k i n d s  o f  l a b o r  exogenously  g iven .  To t h e  e x t e n t  t h a t  
t h e  s k i l l  accumula t ion  i s  a  n e c e s s a r y  c o n d i t i o n  f o r  r a p i d  econ- 
omic growth th rough  b e t t e r  u t i l i z a t i o n  of  newer t e c h n o l o g i e s  
(due ,  a g a i n ,  t o  t h e  s k i l l - c a p i t a l  c o m p l e m e n t a r i t y ) ,  however, t h e  
* 
s k i l l  accumula t ion  i s  n o t  t o  be i g n o r e d .  The complex i ty  o f  
t h e  implementa t ion  o f  t h i s  s p e c i f i c a t i o n ,  t h e r e f o r e ,  i s  a  c h a l -  
l e n g e  t o  t h e  modelers  which s h o u l d  be t a k e n  s e r i o u s l y .  
* I f  " s k i l l "  c o l l e c t s  q u a s i - r e n t s  a s  many a u t h o r s  c l a i m  ( e . g . ,  
Langoni ,  1 9 7 7 ) ,  t h e n  t h i s  a s p e c t  o f  t h e  model has  a n  i m p o r t a n t  
r e l e v a n c e  t o  t h e  problem o f  income d i s t r i b u t i o n .  See a l s o  Tan 
( 1980)  . 
Conventional  p roduc t ive  investment a l l o c a t i o n ,  however, i s  
s p e c i f i e d  a s  a  t o t a l  r e t u r n  d i f f e r e n t i a l  minimizat ion a lgor i thm.  
This  may, i n  some c a s e s ,  r e s u l t  i n  an unwanted "bang-bang" so lu -  
t i o n .  Imagine a  c a s e  where modern s e r v i c e  and manufactur ing 
have s i m i l a r  r a t e s  of  r e t u r n  and a g r i c u l t u r e  a  much lower r a t e .  
, * , *A smal l  change i n  rM ( t h e  r a t e  of  r e t u r n  i n  t h e  M s e c t o r )  
o r  rKS 
( t h a t  of t h e  K S  s e c t o r )  would r e s u l t  i n  a l l  investment  going 
i n t o  manufacturing i n  one yea r ,  and i n t o  t h e  modern s e r v i c e  sec- 
t o r  t h e  nex t .  This  is  ha rd ly  what can  be expected from t h e  r e a l  
economy. 
Rural-urban mig ra t ion  i s  handled w i t h i n  a  Todaro framework, 
b u t  t h e  i n t e r r e g i o n a l  wage d i f f e r e n t i a l s  a r e  d e f l a t e d  by c o s t -  
o f - l i v i n g  i n d i c e s ,  which has  become p o s s i b l e  due t o  t h e  a u t h o r s '  
i n c o r p o r a t i o n  of nont radeables  and housing s e c t o r s .  Also a  mar- 
g i n a l  employment r a t i o  i s  used f o r  d e r i v i n g  t h e  expected income 
i n  t h e  urban a r e a .  
Concluding Remarks 
Overa l l ,  t h e  RDC model i s  an e x c e l l e n t  model f o r  s tudying  
t h e  demoeconomics of  a  developing country .  The complete succes s  
of t h e  model a p p l i e d  t o  a  s p e c i f i c  economy w i l l  be e s t a b l i s h e d  
a f t e r  some of  t h e  d a t a  problems a r e  solved,  e s p e c i a l l y  d a t a  re- 
l a t e d  t o  s k i l l  investment  and t r a d i t i o n a l  s e r v i c e  s e c t o r s .  The 
comparative s t a t i c  r e s u l t s  t h a t  t h e  au tho r s  c a r r i e d  o u t  (Kel ley 
and Williamson, 1980b) seem t o  i n d i c a t e  t h a t  t h e  model i s  q u i t e  
capable  of ana lyz ing  a  r e p r e s e n t a t i v e  developing economy. For 
t h e  model 's  use  i n  a  s p e c i f i c  c a s e  s tudy ,  c a r e f u l  c o n s i d e r a t i o n  
would be needed of  t h e  i n s t i t u t i o n a l  f a c t o r s  of  t h e  coun t ry  and 
i n s u f f i c i e n t  d a t a .  Some s i m p l i f i c a t i o n  is  i n e v i t a b l e .  W e  now 
t u r n  t o  t h e s e  case-s tudy models. 
4 .  CASE STUDIES 
I n  t h i s  s e c t i o n ,  I s h a l l  b r i e f l y  d e s c r i b e  and comment on 
t h e  ongoing work i n  t h e  P opu l a t i on ,  Resources ,  and Growth (PRG) 
Task w i t h i n  t h e  HSS Area. These c a s e s  i n c l u d e  t h e  Mexico model 
( C o l o s i o ,  1 9 7 9 ) ,  t h e  Sweden model ( ~ a r l s t r G m ,  1 9 8 0 ) ,  and t h e  
Hungary model ( Z a l a i ,  1980) .  A l l  t h r e e  emphasize impor t an t  a s -  
p e c t s  o f  t h e  development o f  each coun t ry :  Mexico-bimodal 
s t r u c t u r e  o f  t h e  a g r i c u l t u r a l  s e c t o r ;  Sweden-emphasis on t r a d e  
and e m i g r a t i o n  t o  t h e  USA; and Hungary-aspects s p e c i f i c  t o  a  
c e n t r a l l y  p lanned economy. Each a u t h o r  h a s  e l a b o r a t e d  on t h e  
a s p e c t s  un ique  t o  h i s  co u n t ry  and h a s  s i m p l i f i e d  f o r  t h e  o t h e r  
a s p e c t s .  B r i e f  mathemat ica l  s t a t e m e n t s  o f  t h e s e  models a r e  g ive n  
* 
i n  t h e  Appendix. The f o l l o w i n g  comments w i l l  mainly  be on model 
s p e c i f i c a t i o n  due  t o  my l i m i t e d  knowledge o f  t h e  s o c i o i n s t i t u -  
t i o n a l  a s p e c t s  o f  t h e s e  c o u n t r i e s .  
**  
Mexico Model: An Overview 
This  model b u i l t  by Colos io  (1979) t r ies  t o  c a p t u r e  v a r i o u s  
a s p e c t s  s e e n  i n  Mexican development.  H i s  s e c t o r  d i v i s i o n  is: 
1. Modern i n d u s t r i a l  
2 .  Commercial a g r i c u l t u r e  
3 .  Smal l - sca le  a g r i c u l t u r e  
4 .  Urban i n f o r m a l  
5. P u b l i c  
A s  i s  c l e a r  from t h i s  sector d i v i s i o n ,  he  i n t r o d u c e d  dua l i sm i n  
b o t h  t h e  r u r a l  and urban a r e a s :  t h e  moderq i n d u s t r i a l  and t h e  
u rban  i n fo r m a l  s e c t o r s  i n  urban a r e a s ,  and t h e  commercial c a p i -  
t a l - i n t e n s i v e  a g r i c u l t u r e  and t h e  t r a d i t i o n a l  s m a l l - s c a l e  r a i n -  
f e d  a g r i c u l t u r e  s e c t o r s  i n  r u r a l  a r e a s .  
The modern i n d u s t r i a l  s e c t o r  i s  produced by c a p i t a l  and 
l a b o r  w i t h  f a c t o r  augmenting t e c h n i c a l  p r o g r e s s .  The p roduc t i on  
f u n c t i o n  i s  t h a t  o f  CES. Another urban s e c t o r ,  t h e  i n fo rma l  
*For comparison a  model f o r  Japan  (Sh i sh ido ,  1981) i s  a l s o  
b r i e f l y  d e s c r i b e d  i n  Appendix 2 .  
- 
* * Pa r t  of  t h i s  model was modi f i ed  a f t e r  t h e  p u b l i c a t i o n  o f  
C o l o s i o  ( 1 9 7 9 ) .  Although t h e  modi f i ed  v e r s i o n  i s  used h e r e ,  t h e  
d i f f e r e n c e s  w i l l  be p o i n t e d  o u t .  
sector is supposed to be produced only by labor. The production 
function is linear in Colosio's original paper but in the modi- 
fied version it is 
where 
bringing in diminishing returns, and renumeration is, of course, 
the average product. (The difference of average and marginal 
product is the proprietor's rent.) Note there is no technical 
progress assumed in this sector. 
The two sectors in the rural area have the following produc- 
tion functions: CES for commercialized agriculture with factor- 
augmenting technical progress and Cobb-Douglas for the small-scale 
agriculture without factor-augmenting technical progress. The 
productivity increase from, say, public investment in this sector 
is assumed to take the form of purely product-augmenting techni- 
cal progress. 
The investment specification which Colosio elected to use is 
that of an imperfect capital market. A fixed proportion (sector- 
specific) of the saving from one sector is assumed to be rein- 
vested in the same sector regardless of other investment oppor- 
tunities and the rest goes into the pool of savings fund which 
is alloated over different sectors in proportion to the capital 
returns in the previous year. It is also noteworthy that the 
proportion reinvested into small-scale agriculture is always one, 
i.e., there is no agricultural surplus from this sector support- 
ing okher sectors. 
Migration of the labor force is of the traditional Todaro 
type, i.e., the employment ratios of formal and informal sectors 
are the weights in forming the expected income of the urban area 
or the complete lottery specification (i.e., the sector in which 
a migrant obtains employment is determined completely by chance). 
O b s e r v a t i o n s  
The following are basic observations on (1) the bimodal 
structure of agriculture, (2) the exclusion of intermediate in- 
puts, and (3) the internationally closed nature of the model. 
( 1 )  The most attractive feature of the model is the speci- 
fication of the dualism in agriculture. The production specifi- 
cations mentioned above (CES in the commercialized subsector, 
and Cobb-Douglas in the traditional subsector) with varying as- 
sumptions of technical progress is quite plausible. Minor com- 
ments, however, could be made. One is on the assumed equality 
of elasticities of substitution between any two of three factors 
in the commercialized subsector. Some nested form may be em- 
ployed depending on the estimations of production relations from 
the data. Next, outputs from the two agricultural subsectors 
are treated as completely distinct from each other. From the 
point of view of urban consumers, however, it may be that these 
outputs arevery close substitutes unless the two subsectors 
have different product mixes. If they are highly close substi- 
tutes, the complete separability assumption of the underlying 
(Stone-Geary) utility function may become problematic. 
Third (in the modified version), traditional agricultural 
labor received value marginal products as wages. It is an old 
question, but could this specification be warranted from the in- 
stitutions in rural Mexico? I tend to think not. Colosio's 
original specification of average product may fit better espec- 
ially in such a specification as a migration function. 
(2) The model is a "final demand" model without considera- 
tion of intermediate inputs. The outputs can be treated as net 
outputs of the own-sector intermediate inputs. Then the remain- 
ing question is how important are non-diagonal elements of the 
input-output (I/O) matrix? Current inputs produced by the modern 
sector and used in commercialized agriculture may be significant 
amounts. Or, the products of urban traditional or agricultural 
sectors can be of importance as intermediate inputs of the modern 
sector. If, in fact, they are significant as I tend to believe 
they are, the cost of their exclusion may be higher than Colosio 
expected. It should be recalled that in a highly simplified 
framework, the inversed Leontief matrix and the final demands 
determine the total output, and the impact of the former could 
be quite high. It could become even higher as the level of in- 
tersectoral linkages increase. 
( 3 )  A s  it s t a n d s ,  t h e  model i s  c l o s e d  t o  any f o r e i g n  rela- 
t i o n s .  T h i s  p r o b a b l y  is  a g r e a t  drawback. Not o n l y  d o e s  h e  ex- 
c l u d e  a l l  t r a d e s ,  b u t  h e  a l s o  e x c l u d e s  i n t e r n a t i o n a l  f l o w s  o f  
f a c t o r s :  c a p i t a l  i n f l o w  i n t o  Mexico i n  t h e  form o f  d i r e c t  in -  
ves tment  and f o r e i g n  a id ,  and l e g a l  and i l l e g a l  m i g r a t i o n  t o  t h e  
USA. These may become v e r y  i m p o r t a n t  i n  t h e  s t u d y  o f  Mexican 
development .  I t  would b e  wor thwhi le  t o  e x t e n d  t h e  model t o  a n  
open economy model. 
Some more minor comments c a n  be made o n  f a c t o r  a l l o c a t i o n ,  
i .e . ,  i n v e s t m e n t  and i n t e r n a l  m i g r a t i o n .  The i n v e s t m e n t  i s  spec- 
i f i e d  as p a r t i a l l y  i m p e r f e c t  as h a s  been d e s c r i b e d .  I t  seems, 
however, t h a t  C o l o s i o  assumes t h a t  a f i x e d  p o r t i o n  ( c i )  o f  t h e  
s e c t o r ' s  s a v i n g  i s  r e i n v e s t e d  i n t o  t h e  same s e c t o r  r e g a r d l e s s  o f  
o t h e r  o p p o r t u n i t i e s .  These ti's are c o n s t a n t .  I f  t h e  model i s  
used  f o r  a l o n g  r u n  a n a l y s i s ,  however, it shou ld  be  t a k e n  i n t o  
a c c o u n t  t h a t  as t h e  c a p i t a l  market  d e v e l o p s  t h e s e  S i ' s  decrease. 
For  s h o r t e r  r u n  a n a l y s e s ,  t h i s  i s  n o t  a problem o f  c o u r s e .  
With r e g a r d  t o  m i g r a t i o n ,  t h e  s i m p l e  l o t t e r y  assumpt ion  does  
l e a v e  room f o r  improvement t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  i n s t i -  
t u t i o n s  i n  employment s e e n  i n  Mexico. T h i s  s p e c i f i c a t i o n  means 
t h a t  a m i g r a n t ' s  e x p e c t a t i o n  is formed by t h e  assumpt ion  t h a t  
employers  choose  anew i n  e v e r y  p e r i o d  t h e i r  employees r a n d o m l y  
from t h e  poo l  of  a l l  p o t e n t i a l  u rban  workers .  T h i s  c o u l d  o r  
c o u l d  n o t  be  t h e  i n s t i t u t i o n a l  a r rangement  i n  Mexico. I t e n d  t o  
t h i n k  n o t .  
C o n c l u d i n g  Remarks  
The Mexico model i s  a t t r a c t i v e  i n  t h a t  it d i s a g g r e g a t e s  ag- 
r i c u l t u r e  i n t o  t h e  modern a n d - t h e  t r a d i t i o n a l  s u b s e c t o r s .  It i s  
b e n e f i c i a l  because  w i t h  d i f f e r e n t  p r i c e  and income e las t ic i t i es  
o f  demand f o r  t h e s e  commodit ies  (assuming consumers d i s t i n g u i s h  
t h e s e  two s u b s e c t o r  commodit ies)  and d i f f e r e n t  p r i c e  e l a s t i c i t i e s  
o f  s u p p l y  ( t h e  phenomenon s e e n  i n  r u r a l  Mexico) ,  t h e  a p p a r a n t  
b i m o d a l i t y  c a n  b e  r e p l i c a t e d  by t h e  model s e t t i n g  a s t a g e  f o r  
a n a l y z i n g  s e v e r a l  p o l i c y  i m p l i c a t i o n s .  I t  would be t r u e l y  ad- 
van tageous  i f  t h i s  model c o u l d  be ex tended  t o  i n c l u d e  i n t e r n a -  
t i o n a l  a s p e c t s .  The i n c l u s i o n  o f  i n t e r m e d i a t e  i n p u t s  would a l s o  
make t h e  model more powerful .  
Sweden Model: An Overview 
~ a r l s t r o m  (1980) h a s  b u i l t  a  model f o r  t h e  a n a l y s i s  o f  t h e  
demoeconomics o f  h i s t o r i c a l  Sweden f o r  t h e  p e r i o d  1870 t o  1914. 
T h i s  t i m e  p e r i o d  was chosen because  o f  t h e  " . . . c o n v e n t i o n a l  view 
t h a t  c o n s i d e r s  t h e  1870s a s  t h e  s t a r t i n g  decade  f o r  t h e  indus -  
t r i a l i z a t i o n  e r a  i n  Sweden and a  d r a m a t i c  p o l i t i c a l  e v e n t ,  t h e  
o u t b r e a k  of  t h e  F i r s t  World War, a s  t h e  t e r m i n a l  y e a r . "  
C o n t r a r y  t o  t h e  Mexico model, t h i s  model emphasizes  t h e  , 
openness  o f  Sweden's economy i n  t h i s  p e r i o d ,  n o t  o n l y  i n  t e r m s  of  
t r a d e s  and f o r e i g n  c a p i t a l  i n f l o w s ,  b u t  a l s o  i n  terms o f  i n t e r -  
n a t i o n a l  p o p u l a t i o n  movement, e s p e c i a l l y  e m i g r a t i o n  t o  t h e  USA. 
Indeed it is a s t o n i s h i n g  t o  see how much t h i s  demographic f a c t o r  
h a s  i n f l u e n c e d  Swedish growth p a t h s .  A s  c a n  be  s e e n  i n  Tab le  1 ,  
t h e  a v e r a g e  p o p u l a t i o n  growth r a t e  per  decade  i n  t h e  l a s t  o n e  
hundred y e a r s  i n  Sweden i s  a b o u t  one  t h i r d  t h a t  o f  t h e  USA o r  
Japan ,  b r i n g i n g  t h e  p e r  c a p i t a  p r o d u c t  growth r a t e  t o  a  f i g u r e  
a l m o s t  a s  h i g h  a s  t h a t  o f  J a p a n  and more t h a n  10 p e r c e n t  h i g h e r  
t h a n  t h a t  of  t h e  USA. 
I n  o r d e r  t o  c a p t u r e  t h e  openness  o f  t h e  economy t h e  s e c t o r  
d i v i s i o n  of t h e  model i s  a c c o r d i n g l y  t r a d e - o r i e n t e d  a s  shown: 
1 .  A g r i c u l t u r e  and p r imary  i n d u s t r y  ( e x c l u d i n g  mining)  
2. E x p o r t - o r i e n t e d  i n d u s t r y  ( i n c l u d i n g  mining)  
3. Home m a r k e t - o r i e n t e d  i n d u s t r y  
4 .  S e r v i c e s  
5. C o n s t r u c t i o n  
Tab le  1 .  Average growth r a t e s  p e r  decade  f o r  Sweden, Japan ,  and 
t h e  USA 
T o t a l  P roduc t  
p r o d u c t  P o p u l a t i o n  p e r  c a p i t a  
- 
Sweden (1860s - 1960s)  37.4 6.6 28.9 
Japan  (1880s - 1960s) 48.3 16.3 32.0 
USA (1850s - 1960s) 39.2 18.7 17.3 
Source :  For Sweden and t h e  USA, Kuznets ( 1  97 1 ) , f o r  J a p a n ,  
Ohkawa and Sh inohara  ( 1 9 7 9 ) .  
The s e c t o r  d i v i s i o n ,  e s p e c i a l l y  between expor t -o r i en t ed  and home 
market-or iented i s  determined by cons ide r ing  t h e  e x p o r t  ( i n p u t )  
s h a r e  of  a product  i n  t o t a l  e x p o r t s  ( impor t s )  o r  i n  t h e  g r o s s  
o u t p u t  o f  t h e  product .  
Kar ls t rom u s e s  a nes t ed  func t ion  f o r  t h e  a g r i c u l t u r a l  sec- 
t o r ;  c a p i t a l  and l a b o r  a r e  combined i n  a CES form t o  make a com- 
p o s i t e  p roduc t ion  f a c t o r ,  H ,  which i n  t u r n  i s  r e l a t e d  wi th  l and  
i n  a Cobb-Douglas form. C a p i t a l  and l a b o r  have factor-augmenting 
t e c h n i c a l  p rogress  c o e f f i c i e n t s ,  b u t  l and  does  n o t  and grows 
exogenously. The argument f o r  us ing  a CES form t o  l i n k  c a p i t a l  
and l a b o r  comes from t h e  e l a s t i c i t y  o f  s u b s t i t u t i o n  of  0.6 esti-  
mated by Jungenfe ld  (1966) .  For a l l  o t h e r  s e c t o r s ,  ~ a r l s t r 8 m  
uses  CES produc t ion  f u n c t i o n s  wi th  c a p i t a l  and l a b o r .  
The numeraire o f  t h i s  model i s  t h e  world p r i c e  o f  t h e  sec- 
t o r  2 good: which i s  e q u a l  t o  t h e  domestic s e l l i n g  p r i c e .  For 
t h e  two t r a d e - s h e l t e r e d  s e c t o r s '  ( 4  and 5)  p r i c e s ,  domest ic  p r i c e s  
a r e  equa l  t o  p roducer ' s  c o s t s .  For t h e  primary and home market- 
o r i e n t e d  s e c t o r ,  however, t h e  weighted average  o f  world p r i c e s  
and p roduce r ' s  c o s t s  are used as a domest ic  s e l l i n g  p r i c e ,  t h e  
weights  be ing  t h e  s h a r e s  o f  domestic supply and imports  i n  t h e  
t o t a l  domest ic  demand. 
The f a c t o r  r e t u r n s  are determined by t h e  n e o c l a s s i c a l  m a r -  
g i n a l  c o n d i t i o n s .  The r u r a l  a r e a  c o n t a i n s  f i x e d  amounts o f  
c a p i t a l  and l a b o r  which determine wi th  t h e  e q u i l i b r i u m  market  
p r i c e s  t h e i r  r e t u r n s .  The  urban a r e a  a l s o  c o n t a i n s  a g iven  
l e v e l o f  homogeneous l a b o r  and given c a p i t a l  s t ock .  Wages and 
r e n t s  are assumed t o  d i f f e r  between s e c t o r s  even though t h e  fac-  
t o r s  are supposedly homogeneous. Assuming t h a t  s e c t o r  2 i s  t h e  
l e a d i n g  s e c t o r  i n  wage de t e rmina t ion ,  and assuming stable s h a r e s  
o f  s k i l l e d  l a b o r  i n  each s e c t o r  r e l a t i v e  t o  o t h e r  s e c t o r s ,  
KarlstrSm s p e c i f i e d  t h e  wage s t r u c t u r e  i n  urban a r e a s  as f i x e d  
r a t i o s ,  i .e . ,  
*All  s e c t o r s  a r e  s p e c i f i e d  by t h e  numbers g iven  on p. 21. 
where 
W i s  t h e  wage i n  s e c t o r  j j 
- 
o i s  t h e  s e c t o r  s p e c i f i c  c o n s t a n t  j 
Wu i s  t h e  l e v e l  o f  urban wages 
S i m i l a r l y  f o r  r e n t s :  
where 
RC i s  t h e  r e n t  o f  s e c t o r  j j 
- 
E i s  t h e  s e c t o r - s p e c i f  i c  - c o n s t a n t  j 
RCU i s  t h e  l e v e l  o f  urban s e c t o r  r e n t s  
For  t r a d e ,  K a r l s t r a m  assumes l e s s - t h a n - i n f i n i t e  e l a s t i c i t i e s  
o f  s u b s t i t u t i o n  between home goods and f o r e i g n  goods o f  t h e  s a m e  
s e c t o r  [ t h e  Armington s p e c i f i c a t i o n  (Armington, 1969)l. The u s e  
o f  t h i s  s p e c i f i c a t i o n  a v o i d s  t h e  p r o b l e m a t i c  s i t u a t i o n  t h a t  w i t h  
i n f i n i t e  e l a s t i c i t i e s  ( i f  f o r e i g n  goods and home goods a r e  com- 
p l e t e  s u b s t i t u t e s )  a s  i s  u s u a l l y  assumed i n  t h e  p u r e  t h e o r y ,  one 
c o u n t r y  c a n n o t  produce  and e x p o r t  a  l a r g e r  number o f  commodities 
t h a n  t h e  number o f  pr imary  f a c t o r s  o f  p r o d u c t i o n .  The t r a d e  i s  
always  i n  b a l a n c e  i n  t h i s  model. The e x p o r t s  o f  s e c t o r  2 would 
be  t h e  b a l a n c i n g  f a c t o r ,  o r  t h i s  s e c t o r  d e t e r m i n e s  t h e  f o r e i g n  
exchange a v a i l a b i l i t y  f o r  t h e  whole economy. 
With r e g a r d  t o  p h y s i c a l  i n v e s t m e n t s ,  K a r l s t r o m  assumes a  
s t r o n g  c a p i t a l  market  i m p e r f e c t i o n  and e x c l u d e s  c r o s s  r e g i o n a l  
i n v e s t m e n t ,  i . e . ,  a l l  s a v i n g  i n  t h e  r u r a l  a r e a  i s  r e i n v e s t e d  i n  
t h e  same a r e a .  The same i s  t r u e  f o r t h e u r b a n  a r e a .  The composi- 
t i o n  o f  c a p i t a l  s t o c k  s t a y s  c o n s t a n t ,  i .e . ,  t h e  p o r p o r t i o n s  o f  
machinery and b u i l d i n g s  i n  c a p i t a l  s t o c k  and new i n v e s t m e n t s  a r e  
a lways  c o n s t a n t .  
~ a r l s t r a m ' s  mig ra t ion  s p e c i f i c a t i o n  p r i m a r i l y  c o n s i d e r s  
emigra t ion  t o  t h e  USA. The model i n c o r p o r a t e s  t h d  d i f f e r e n c e s  
between t h e  r u r a l  p o p u l a t i o n ' s  own wage and t h e  weighted average  
of  expected income i n  Swedish urban a r e a s  and expected income 
t h a t  could be earned i n  t h e  USA. Emigration t o  t h e  USA i s  t h e n  
given by a  f u n c t i o n  of t h e  r a t i o  o f  Swedish urban income t o  t h e  
wage i n  t h e  USA. A s  one can s e e ,  a l l  a r e  of t h e  Harris-Todaro 
type  o f  s p e c i f i c a t i o n s .  
Observations 
The model h a s  many advantageous f e a t u r e s .  The u s e  of  t h e  
Armington s p e c i f i c a t i o n  i n  trades, and , e x p l i c i t  i n c o r p o r a t i o n  o f  
t h e  emigra t ion  of t h e  pbpu la t ion  t o  t h e  USA a r e  d e f i n i t e l y  among 
them. I n  a d d i t i o n  t h e  s i m p l i c i t y  of  t h e  model is  a s t r e n g t h  i n  
t h a t  it g i v e s  t h e  u s e r  of  t h i s  model h igh  f l e x i b i l i t y  and a n a l y t -  
i c a l  t r a c t a b i l i t y .  C a r e  should be g iven ,  however, t h a t  t h e  
s t r a i g h t f o r w a r d  a p p l i c a t i o n  of a l l  h i s  s p e c i f i c a t i o n s ,  w i thou t  
mod i f i ca t ions  f o r  a  long-run a n a l y s i s ,  may n o t  be recommendable. 
The r ea sons  are d e s c r i b e d  t o g e t h e r  wi th  some o t h e r  o b s e r v a t i o n s  
regard ing :  
( 1 )  Factor  r e t u r n s  
( 2 )  Investments 
( 3 )  Trades 
( 1 )  The r a t i o s  o f  f a c t o r  r e t u r n s  i n  t h e  f o u r  s e c t o r s  i n  t h e  
urban a r e a  a r e  f i x e d .  Kar ls t rgm e x p l a i n s  t h e  wage p a r t  from t h e  
p a s t  behavior  seen  i n  t h e  wage de t e rmina t ion  o f  v a r i o u s  s e c t o r s .  
But t h e r e  i s  no c l e a r  exp lana t ion  f o r  t h e  p a r t  o f  c a p i t a l  r e t u r n s .  
To assume t h e s e  r e l a t i o n s h i p s  is  a convenien t  way of s t u d y i n g  an 
economy w i t h  d i f f e r e n t  f a c t o r  r e t u r n s  i n  t h e  s h o r t  run ,  when 
o n e ' s  i n t e r e s t  i s  n o t  on t h e  "cause" of t h e  d i f f e r e n t i a l s .  But 
i n  t h e  long run ,  t h i s  constancy assumption may hamper a  c a r e f u l  
a n a l y s i s  o f  t h e  s t r u c t u r a l  change of  an economy. 
( 2 )  S i m i l a r  o b s e r v a t i o n s  can be made on t h e  investment  spec- 
i f i c a t i o n .  To assume away t h e  c ros s - r eg iona l  investment  from 1870 
t o  1914 i n  Sweden may mean t o  assume away t h e  g radua l  c a p i t a l  
market development d u r i n g  t h e  phase of Swedish r a p i d  u rban iza t ion .  
To assume, a l s o ,  t h a t  t h e  equipment s t r u c t u r e  p ropor t ions  a r e  
always f i x e d  f o r  a  h a l f  cen tu ry  may become problemat ic  i n  l a t e r  
ana lyses .  The p o r t i o n  of equipment i s  expected t o  i n c r e a s e  a s  
t h e  development proceeds.  But t h e  d i s t i n c t i o n  of c o n s t r u c t i o n  
s t o c k  from t h e  machinery and equipment c a p i t a l  s t o c k  i s  a  n i c e  
f e a t u r e  of  t h i s  model. I t  would be u n r e a l i s t i c  t o  assume they  
a r e  homogeneous when they come from d i f f e r e n t  s e c t o r s ,  have d i f -  
f e r e n t  p r i c e s  and l i f e t i m e s ,  have d i f f e r e n t  t r a d e a b i l i t y ,  and 
a r e  produced by d i f f e r e n t  t echno log ie s  ( f a c t o r  i n t e n s i t i e s ) .  
(3)  ~ a r l s t r 6 m ' s  t r a d e  s p e c i f i c a t i o n  i s  c e r t a i n l y  a p p r o p r i a t e  
f o r  s tudying  an  open economy. The de te rmina t ion  of s e c t o r  2 ex- 
p o r t s ,  however, i s  somewhat pas s ive  i n  Kar l s t r6m's  model. It i s  
given t h e  r o l e  o f  t h e  l i m i t i n g  f a c t o r  i n  h i s  s cena r io :  i . e . ,  
t h e  supply c a p a c i t y  of  t h e  s e c t o r  determines  t h e  a v a i l a b i l i t y  of 
f o r e i g n  exchange f o r  o t h e r  imports .  I n  t h e  mathematical  s t a t e -  
ment, however, it i s  given a  r o l e  of  a  r e s i d u a l .  Trades o f  a l l  
o t h e r  s e c t o r s  a r e  s p e c i f i e d  2 l a  Armington and de te rmine  t h e  
amount of expor t  of  t h i s  s e c t o r  a s  
where 
M = imports  
X = expor t s  
P = p r i c e  ( s u p e r s c r i p t  W means .world p r i c e )  
F = f o r e i g n  c a p i t a l  t r a n s f e r  
RE = r emi t t ance  
and s u b s c r i p t s  s p e c i f y  t h e  s e c t o r s .  
I t  may be t h a t  t h e  r o l e  of  s e c t o r  2 should be r eve r sed  i n  
t h e  equa t ions  s o  t h a t  it i s  i n  agreement w i t h  Kar l s t r6m1s  scen- 
a r i o .  That  i s ,  l e t  t h e  world demand determine t h e  expor t  of  
s e c t o r  2 through t h e  Armington s p e c i f i c a t i o n ,  i nco rpo ra t ing  t h e  
comparative advantages i n  t h e  Swedish expor t -or ien ted  i n d u s t r y .  
There i s  evidence t h a t  t h e  expor t  p r i c e s  and domestic p r i c e s  d i -  
verge  even f o r  smal l  c o u n t r i e s  (Kravis  and Lipsey,  1977) .  This  
s p e c i f i c a t i o n ,  t h e r e f o r e ,  i s  n o t  i n  c o n t r a d i c t i o n  t o  t h e  r e a l i t y  
o f a  smal l  country .  Someother f a c t o r ,  however, might be needed i n  
o r d e r  t o  ba l ance  payments ( p o s s i b l y  i m p o r t s  o f  s e c t o r  2), o r  t h e  
b a l a n c e  o f  payments cou ld  be endogenous. 
The n e x t  p o i n t  r e f e r s  t o  t h e  u s e  o f  t h e  c o n s t a n t  growth 
r a t e s  o f  t h e  world market .  Kar l s t rom assumes t h a t  
where a l l  n o t a t i o n s  a r e  s e l f - e v i d e n t  excep t  f o r  vi, which mea- 
s u r e s  a  c o n s t a n t  i ndex  t h a t  c a p t u r e s  t h e  t r e n d  o f  wor ld  t r a d e  
i n c r e a s e .  But t h e r e  i s  no need f o r  vi t o  be  c o n s t a n t  f o r  h a l f  
a  c e n t u r y .  The o r i g i n a l  Armington s p e c i f i c a t i o n ,  d e r i v e d  from 
t h e  CES form i s  
where 
'ij = demand o f  commodity i produced i n  c o u n t r y  j 
Xi = t o t a l  demand o f  commodity i 
' i j  = p r i c e  o f  commodity i produced i n  c o u n t r y  j 
Pi = g e n e r a l  p r i c e  l e v e l  o f  commodity i 
ni  = e l a s t i c i t y  o f  s u b s t i t u t i o n  i n  t h e  CES a g g r e g a t e  pro- 
d u c t  f u n c t i o n  n e s t e d  i n  t h e  assumed u t i l i t y  f u n c t i o n  
b i j  = a  c o n s t a n t  ( d i s t r i b u t i o n  pa ramete r  i n  t h e  CES func- 
t i o n )  
Then, i n s t e a d  o f  having 
t h e r e b y  f o r c i n g  t h e  world t r a d e  t o  i n c r e a s e  a t  a c o n s t a n t  r a t e ,  
more r e a l i t y  cou ld  be  i n c o r p o r a t e d  i n t o  t h e  model by e x p l i c i t l y  
u s i n g  world t r a d e  o r  demand o f  t h e  commodity. 
Conc Z u d i n g  R e m a r k s  
The advantages of the model include the trade and emigration 
specifications, as well as the general simplicity of the model, 
including the complete homogeneity of urban labor and the putty- 
putty nature of urban capital stocks. With the increased con- 
sideration of institutions actually seen in Sweden, the model 
becomes a highly useful tool for the purpose of analyzing urban- 
ization and growth in Sweden. A slight modification of the model 
in order to relax some rigid assumptions of the factor returns 
and investments is worthwhile for long-run analyses. 
Hungary Model: An Overview 
Zalai developed this model in order to analyze the economy 
of Hungary. He argues that the technique of applied general 
equilibrium modeling can be used for centrally planned economies. 
He also shows that a general equilibrium model and one form of 
an optimization planning model have exactly the same mathematical 
form but with different interpretations of the parameters and 
variables. For this purpose Zalai uses the applied general equi- 
* 
librium model developed by Bergman and ~ 6 r  (1980) for Sweden. 
The objective function of the assumed optimization problem is 
the surplus consumption of all goods over and above the planned 
targets combined in a Cobb-Douglas manner, or 
where 
D = consumption of sector j j 
j = planned consumption of sector j 
*Among the models reviewed in this paper, the model most 
resembling the ~ e r ~ m a n - ~ 6 r  model is ~arlstrGm's. 
Z a l a i ' s  model i s  s t i l l  ve ry  gene ra l .  There a r e  n  s e c t o r s  
which a r e  a l l  producing,  expor t ing ,  and import ing ( i n  p r i n c i p l e )  
and one book-keeping s e c t o r  f o r  investments .  A l l  of t h e  n  sec- 
t o r s  have l i n e a r  homogeneous product ion f u n c t i o n s  wi th  r e s p e c t  
t o  c a p i t a l  and l a b o r .  The c o e f f i c i e n t s  of  i n t e rmed ia t e  i n p u t s  
a r e  f i x e d .  The u s e r  c o s t  o f  l a b o r  c o n s i s t s  of  wages and t a x  on 
wages. The use r  c o s t  of  c a p i t a l  c o n s i s t s  of  d e p r e c i a t i o n  and 
t h e  t a x  on u s e r s  o f  c a p i t a l .  Both t a x e s  a r e  a l s o  c a l l e d  n e t  re- 
t u r n  requirements  and a r e  endogenous s o  t h a t  t h e  markets  c l e a r .  
These u s e r  c o s t s  can be i n t e r p r e t e d  a s  s o l u t i o n s  of  t h e  d u a l  
problem. For example, t h e  s e c t o r  s p e c i f i c  u s e r  c o s t  of  l a b o r  
(LC . )  i s  
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where 
W = t h e  shadow p r i c e  f o r  l a b o r  i n  g e n e r a l  
W+ = t h e  shadow p r i c e  a s s o c i a t e d  wi th  t h e  upper l i m i t  of j 
t h e  s e c t o r  j Is l a b o r  
- 
W = t h a t  a s s o c i a t e d  wi th  t h e  lower l i m i t .  j 
S i m i l a r l y  f o r  t h e  c a p i t a l :  
where 
RC = t h e  t o t a l  u s e r  c o s t  of  t h e  c a p i t a l  i n  s e c t o r  j j 
Pk = p r i c e  of  c a p i t a l  goods 
a = t h e  d e p r e c i a t i o n  r a t e  j 
SK, SK+ SK- = t h e  shadow p r i c e s  a s s o c i a t e d  wi th  t o t a l  
1' j 
and s e c t o r a l  upper and lower l i m i t s  of  c a p i t a l  
I t  i s  assumed t h a t  t h e  p r o d u c t i o n  u n i t s  minimize t h e  c o s t  
of  p r o d u c t i o n .  The s e l l i n g  p r i c e  i s  de te rmined  by 'chis  minimized 
c o s t  and some r e q u i r e d  p r o f i t  r a t e  ( i n  o t h e r  words a  mark-up of  
t h e  p r i c e ) .  
The demand o f  t h e  h o u s e h o l d , s e c t o r  t a k e s  t h e  form o f  a  LES 
( L i n e a r  Expend i tu re  Sys tem) .  I t  i s  n a t u r a l l y  d e r i v e d  from t h e  
o b j e c t i v e  f u n c t i o n  mentioned above. Of c o u r s e ,  t h e  s o - c a l l e d  
minimum s u b s i s t e n c e  consumption l e v e l  i s  now i n t e r p r e t e d  a s  t h e  
t a r g e t  l e v e l  o f  consumption.  
Z a l a i ' s  t r a d e  s p e c i f i c a t i o n  i s  unique  i n  t h e  s e n s e  t h a t  h e  
d i s t i n g u i s h e s  t h e  r o u b l e  and t h e  d o l l a r  t r a d e  r e g i o n s .  H e  u s e s  
s p e c i f i c a t i o n s  s i m i l a r  t o  Armington 's  f o r  c o m p e t i t i v e  i m p o r t s  
and e x p o r t s .  Noncompeti t ive i m p o r t s  a r e  p r o p o r t i o n a t e  t o  t h e  
o u t p u t s  o f  each s e c t o r .  Z a l a i ,  however, g i v e s  s e v e r a l  d i f f e r e n t  
i n t e r p r e t a t i o n s  t o  t h i s  s p e c i f i c a t i o n .  The c o m p e t i t i v e  i m p o r t s  
a r e  assumed t o  b e  c o n s i d e r e d  a s  t h e  p e r f e c t  s u b s t i t u t e  o f  domes- 
t i c  p r o d u c t s  by consumers.  There e l a s t i c i t y  p a r a m e t e r s  a r e  sup- 
posedly  i n d i c a t i n g ,  i n s t e a d  o f  e l a s t i c i t i e s  o f  consumers '  p r e f -  
e r e n c e ,  t h e  f r i c t i o n  t h a t  e x i s t s  i n  s h i f t i n g  from i m p o r t s  from 
t h e  d o l l a r  ( r o u b l e )  r e g i o n s  t o  impor t s  from t h e  r o u b l e  ( d o l l a r )  
r e g i o n s  a s  t h e  r e l a t i v e  impor t  p r i c e s  change. For e x p o r t s  Z a l a i  
assumes t h a t  even a  s m a l l  c o u n t r y  c a n  a f f e c t  t h e  wor ld  p r i c e ,  a t  
l e a s t  a t  t h e  margin.  H e ,  t h e r e f o r e ,  s a y s  t h a t  t h e  e l a s t i c i t y  o f  
t h e  e x p o r t  f u n c t i o n ,  i n  t h i s  c a s e ,  i s  somewhat lower t h a n  t h e  
comple te  p r i c e - t a k e r  s p e c i f i c a t i o n .  
The t o t a l  inves tment ,  i n  Z a l a i ' s  model, i s  a  f i x e d  propor-  
t i o n  o f  t h e  government and household consumption.  There i s  no 
s p e c i f i c  mechanism t o  d e t e r m i n e  ex a n t e  s e c t o r  s p e c i f i c  i n v e s t -  
ments because  a s  i n  t h e  Sweden model above,  t h i s  model assumes 
a  complete p u t t y - p u t t y  c a p i t a l  s t o c k .  
The demoeconomics o f  u r b a n i z a t i o n  a r e  e x p l i c i t l y  i n t r o d u c e d  
i n  t h i s  model by assuming d i f f e r e n t  consumption p a t t e r n s  between 
t h e  urban and r u r a l  households .  Z a l a i  a l s o  assumes t h a t  nonagr i -  
c u l t u r a l  a c t i v i t i e s  can  be  i n  t h e  r u r a l  a r e a  by a  s p e c i f i e d  s h a r e  
('r = 1 - s ) by t h e  s e c t o r .  The s h a r e s  o f  e x p e n d i t u r e  between u  j 
t h e  urban and t h e  r u r a l  a r e a s  a r e  a l s o  f i x e d  a t  t h e  b a s e  y e a r  
l e v e l .  
O b s e r v a t i o n s  
The proposed model is  e x c e l l e n t  because  o f  i t s  compactness  
and c l a r i t y ,  and a t  t h e  same t i m e  r e f l e c t s  s o  much o f  t h e  r e a l i s m  
of  a  c e n t r a l l y  p lanned  economy. The f o l l o w i n g  o b s e r v a t i o n s  c a n  
b e  made a t  t h i s  s t a g e :  
( 1 )  The i n t e r p r e t a t i o n s  o f  v a r i o u s  p a r a m e t e r s  
( 2 )  The government and i n v e s t m e n t  
( 3 )  The demoeconomics 
( 4 )  The r e l a t i o n s h i p  o f  t h e  b i n d i n g  c o n s t r a i n t s  i n  
o p t i m i z a t i o n  and g e n e r a l  e q u i l i b r i u m  t e c h n i q u e s  
( 5 )  F u t u r e  e x t e n s i o n s  
( 1 )  Z a l a i  t r ies  w i t h  i n g e n u i t y  t o  a t  l e a s t  p a r t i a l l y  d i v o r c e  
t h e  t e c h n i q u e  of  a p p l i e d  g e n e r a l  e q u i l i b r i u m  modeling from t h e  
t h e o r y  of  g e n e r a l  e q u i l i b r i u m .  The way h e  d o e s  t h i s  i s  by g i v i n g  
t h e  p a r a m e t e r s  d i f f e r e n t  meanings, d e s p i t e  t h e  t e c h n i c a l  s i m i l a r -  
i t i e s  w i t h  t h e  g e n e r a l  e q u i l i b r i u m  models ,  f o r  example, t a x e s .  
P roducers  a r e  assumed t o  minimize c o s t  o f  p r o d u c t i o n :  l a b o r  c o s t  
* 
and c a p i t a l  c o s t .  Labor c o s t  c o n s i s t s  o f  wage and t a x ;  c a p i t a l  
c o s t  c o n s i s t s  o f  d e p r e c i a t i o n  and t a x .  I t  may be  f e l t  t h a t  t h i s  
i s  t o o  r i g i d  f o r  f a c t o r  marke t s  t o  c l e a r ,  b u t  o n e  soon n o t i c e s  
t h a t  t a x e s  a r e  endogenous. So t h i s  model c a n  b e  used by c e n t r a l  
p l a n n e r s  t o  f i n d  t h e  t a x  r a t e s  (minimum r e t u r n  r e q u i r e m e n t )  which 
l e t  t h e  g i v e n  f a c t o r  endowments h e  c o m p l e t e l y  u t i l i z e d  r a t h e r  t h a n  
f i n d  t h e  f a c t o r  a l l o c a t i o n  a t  g i v e n  t a x  r a t e s .  
Z a l a i  a l s o  c a l l s  t h i s  model a  non-zero p r o f i t  model by i n -  
t r o d u c i n g  exogenous s e c t o r - s p e c i f i c  p r o f i t  r a t e s  IT which a r e  j 
o b t a i n e d  by a  mark-up p r i c i n g .  The form, however, i s  i d e n t i c a l  
t o  s p e c i f y i n g  i n d i r e c t  t a x  i n  more o f  a  mixed economy model. So 
t h e  o n l y  d i f f e r e n c e  h e r e  i s  who r e c e i v e s  t h i s  " p r o f i t "  and how 
it i s  s p e n t .  But t h i s  d i f f e r e n c e  i s  more a p p a r e n t  t h a n  r e a l  i f  
o n e  c o n s i d e r s  t h a t  p r o d u c t i o n  i n  a  c e n t r a l l y  p lanned economy i s  
l a r g e l y  o r g a n i z e d  by t h e  p u b l i c  sector. 
* I n t e r m e d i a t e  i n p u t - o u t p u t  c o e f f i c i e n t s  a r e  f i x e d .  
The i n t e r p r e t a t i o n s  g iven  t o  t h e  t r a d e  s p e c i f i c a t i o n  i s  
a g a i n  noteworthy.  The c o m p e t i t i v e  i m p o r t s  a r e  comple te  s u b s t i -  
t u t e s  o f  t h e  domes t i c  p r o d u c t s .  The e l a s t i c i t i e s  a r e  " f r i c t i o n  
p a r a m e t e r s "  o f  s h i f t i n g  from d o l l a r  r e g i o n  i m p o r t s  t o  t h e  r o u b l e  
r e g i o n  i m p o r t s  ( o r  v i c e  v e r s a )  depending on s h i f t  o f  r e l a t i v e  i m -  
p o r t  p r i c e s .  T h i s ,  t h e n ,  shou ld  be  c o n s i d e r e d  a s  a  reduced form 
o f  some s t r u c t u r a l  r e l a t i o n s h i p  o t h e r  t h a n  t h e  Armington u t i l i t y  
f u n c t i o n s .  One c o u l d  t h e n  t h i n k  o f  a  s t r u c t u r a l  model, whose 
reduced form i n c l u d e s  a l l  o f  t h e  t h r e e  p r i c e s - p r i c e s  o f  i m p o r t s  
from d o l l a r  and r o u b l e  r e g i o n s  and t h e  domes t i c  price-which may 
be  more a p p r o p r i a t e .  The e x p o r t  f u n c t i o n  i s  a l s o  non-Armington 
d e s p i t e  t h e  s i m i l a r i t y  i n  form. I t  i s  now a  suppZy f u n c t i o n  o f  
e x p o r t s  r a t h e r  t h a n  demand f o r  s p e c i f i c  o u t p u t s  from t h e  rest  
of  t h e  wor ld .  I t  i s  a l s o  i n t e r e s t i n g  t h a t  Z a l a i  assumes t h a t  
even a  s m a l l  c o u n t r y  i n f l u e n c e s  world p r i c e s .  T h e r e f o r e ,  t h e  
e l a s t i c i t y  o f  e x p o r t s  i s  s p e c i f i e d  a s  lower t h a n  t h e  e l a s t i c i t y  
o b t a i n e d  from t h e  comple te  p r i c e - t a k e r  assumpt ion .  I t  would b e  
i n t e r e s t i n g  t o  see how t h i s  d i s c a r d i n g  o f  t h e  p r i c e - t a k e r  a s -  
sumption would change t h e  whole model behav io r  f o r  Hungary. I t  
must have a  c o u n t r y  s p e c i f i c  r e s u l t .  A l so ,  d i s t i n g u i s h i n g  t h e  
a c t u a l  world p r i c e  o f  a  commodity from i t s  world g e n e r a l  p r i c e  
may be a  n o n t r i v i a l  t a s k ,  b u t  o f  g r e a t  i n t e r e s t .  
( 2 )  The government s e c t o r  i n  t h e  Hungary model i s  n a t u r a l l y  
p l a y i n g  a  v e r y  b i g  r o l e .  But it is  a l l  i m p l i c i t .  For  example, 
Z a l a i  s p e c i f i e s  a n  exogenous government c u r r e n t  e x p e n d i t u r e ,  b u t  
h e  does  n o t  s a y  a n y t h i n g  a b o u t  how t h e  money comes. For example, 
whether  o r  n o t  a l l  t h e  t a x e s  ( a l s o  c a l l e d  minimum r e q u i r e d  re- 
t u r n s )  on f a c t o r s  go t o  t h e  government,  o r  whether  a  p a r t  o r  a l l  
o f  t h e  r e q u i r e d  p r o f i t  TI goes  t o  t h e  government.  Depending on j 
t h e s e  q u e s t i o n s ,  it may be  t h a t  t h e  way of  f i n a n c i n g  inves tment  
may d i f f e r .  The t o t a l  inves tment  i n  t h e  model i s  p r o p o r t i o n a t e  
t o  t h e  sum o f  p u b l i c  and household consumption.  I t  i s  a  compro- 
mise  Z a l a i  made t o  keep t h e  c o m p a r a b i l i t y  w i t h  t h e  o p t i m i z a t i o n  
model. I n  t h e  o p t i m i z a t i o n  model he used a s  an  example, he  had 
a n  o b j e c t i v e  f u n c t i o n  which had o n l y  household consumption a s  
arguments ,  i n  a n  i n t r a t e m p o r a l  framework. Without t h i s  o r  a n o t h e r  
mechanism f o r  d e t e r m i n i n g  inves tment  t h e n ,  t h e  inves tment  can  be  
pushed t o  z e r o .  But it i s  s t i l l  u n c l e a r  i f  t h e  househo lds '  sav-  
i n g  p l a y s  a  r o l e  a t  a l l ,  and i f  s o ,  what t h e  mechanism is.  
* ( 3 )  The demoeconomics o f  Z a l a i ' s  Hungary model i s  p e c u l i a r  
i n  a  s e n s e  t h a t  he  does  n o t  model t h e  s p a t i a l  m i g r a t i o n  o f  t h e  
l a b o r  f o r c e ,  b u t  r a t h e r  t h e  i n d u s t r i a l i z a t i o n  o f  t h e  r u r a l  a r e a .  
I n  o t h e r  words, by changing t h e  v a l u e  o f  s e c t o r - s p e c i f i c  s h a r e s  
o f  a c t i v i t i e s  l o c a t e d  i n  t h e  r u r a l  a r e a ,  Z a l a i  promotes i n d u s t r i -  
a l i z a t i o n  b u t  keeps  t h e  peop le  i n  t h e  r u r a l  a r e a  w i t h  t h e i r  r u r a l  
p a t t e r n  o f  consumption. I t  i s  a n  i n t e r e s t i n g  way o f  modeling 
demoeconomics where p o p u l a t i o n  movements n o t  o n l y  depend on micro- 
i n d i v i d u a l  mot ives ,  b u t  a l s o  on t h e  p lanned r e s o u r c e  a l l o c a t i o n  
i n  accordance  w i t h  n a t i o n a l  o b j e c t i v e s .  One t h i n g  t h a t  remains  
i n c o n s i s t e n t  i s  t h a t  d e s p i t e  t h e  f a c t  t h a t  he  le ts  t h e  mix o f  
economic a c t i v i t i e s  change i n  t h e  r u r a l  a r e a s ,  t h e  t o t a l  expen- 
d i t u r e  s h a r e  o f  t h e  r u r a l  a r e a  is  f i x e d  a t  t h e  base-year  l e v e l .  
T h i s  may l e a v e  room f o r  improvement. Also,  t o t h e e x t e n t  t h a t  w e  
see some p o p u l a t i o n  movement i n  t h e  c e n t r a l l y  planned economies, 
m i g r a t i o n  cou ld  be  more e x p l i c i t l y  a  p a r t  o f  t h e  model. 
( 4 )  A s  Z a l a i  s a y s  i n  t h e  paper., t h e  a b i l i t y  o f  a  s t a t i c  op- 
t i m i z a t i o n  programming model t o  s i m u l a t e  a  g e n e r a l  e q u i l i b r i u m  
r e s o u r c e  a l l o c a t i o n  w i t h  p r i c e s  d e r i v e d  from a  d u a l  s o l u t i o n  i s  
a  known f e a t u r e .  However, t h i s  a p p l i e s  o n l y  when r e a l  c o n s t r a i n t s  
a r e  b ind ing .  The c e n t r a l  p l a n n e r s  q u i t e  o f t e n  have l o o s e l y  de- 
f i n e d  l i m i t a t i o n s ,  i n c l u d i n g  p o l i t i c a l  c o n s t r a i n t s  and such con- 
s t r a i n t s  a s  inves tment  a b s o r p t i o n  c a p a c i t y .  When t h e s e  not -wel l -  
unders tood c o n s t r a i n t s  a r e  b ind ing ,  t h e  i n t e r p r e t a t i o n  o f  t h e  
model a s  r e f l e c t i n g  a  g e n e r a l  e q u i l i b r i u m  b r e a k s  down. Z a l a i ,  i n  
t h i s  model, t r ies  t o  av o i d  any of  t h e s e  problems o r  c o r n e r  so lu -  
t i o n s  by n o n l i n e a r i t y .  To app ly  t h i s  model i n  r e a l i t y ,  however, 
r e q u i r e s  c on t i n u ed  a t t e n t i o n  i n  t h i s  r e g a r d .  
( 5 )  I t  i s  n o t  s u r p r i s i n g  t o  see t h a t  t h e  p lanned economy 
model and t h e  . ap p l i ed  g e n e r a l  e q u i l i b r i u m  model o f  Bergman and 
~ 6 r  have a lmos t  i d e n t i c a l  forms ma thema t i ca l l y ,  g iven  Z a l a i ' s  
s p e c i f i c a t i o n  of  t h e  " t y p i c a l "  o b j e c t i v e  f u n c t i o n  and h i s  " t y p i c a l "  
*I have b e n e f i t t e d  from d i s c u s s i o n  w i t h  U .  Kar l s t r6m i n  
w r i t i n g  t h i s  o b s e r v a t i o n .  
o p t i m i z a t i o n  model b e i n g  s t a t i c .  Q u i t e  o f t e n  c e n t r a l  p l a n n e r s  
have o p e r a t i o n a l  models r a t h e r  t h a n  a n a l y t i c a l  models t h a t  a r e  
i n t e r t e m p o r a l  r a t h e r  t h a n  i n t r a t e m p o r a l .  A s  a r e s u l t ,  p l a n n e r s  
o f t e n  have a n  o b j e c t i v e  f u n c t i o n  w i t h  inves tment  o r  c a p i t a l  s t o c k  
a s  arguments  i n  a  more dynamic framework. Given t h e  advantageous  
f e a t u r e s  o f  t h e  Hungary model, it would be  i n t e r e s t i n g  t o  ex tend  
Z a l a i ' s  e f f o r t s ,  i . e . ,  it would be i n t e r e s t i n g  t o  s e e t h e  dynamic a s -  
p e c t s  c a p t u r e d  more e x p l i c i t l y ,  and t h e  model modi f i ed  t o  be more 
o p e r a t i o n a l .  
Another  way t o  ex tend  t h i s  model i s  by i n c o r p o r a t i n g  more 
d i s e q u i l i b r i u m .  Dynamic d i s e q u i l i b r i u m  i s  one  major  s o u r c e  o f  
growth i n  a  p lanned economy, a l t h o u g h  d i s e q u i l i b r i a  e s p e c i a l l y  
i n  f a c t o r  marke t s ,  a r e  v e r y  common i n  market  economies a s  w e l l .  
Z a l a i  c l a i m s  t h e  model a s  it s t a n d s  i s  a  d e m a n d  c o n s t r a i n e d  model. 
Because t h e  supp ly  c o n s t r a i n t s  a r e  more commonly obse rved  i n  many 
c e n t r a l l y  p lanned  economies, however, t h e  r e a l i t y  of  t h i s  assump- 
t i o n  cou ld  b e  q u e s t i o n a b l e .  Also  h i s  s p e c i f i c a t i o n  i s  t h a t  o f  
e q u i l i b r i u m  w i t h  endogenous l e v e l s  o f  p r i c e s .  Then h i s  s t a t e m e n t  
t h a t  demand d e t e r m i n e s  supp ly  h o l d s  t r i v i a l l y  a t  e q u i l i b r i u m .  I t  
may be  q u i t e  u s e f u l  t o  e x t e n d  t h i s  model i n t o  a  more e x p l i c i t  
q u a n t i t y  c o n s t r a i n e d  model. 
C o n c  Z u d i n g  R e m a r k s  
T h i s  model i s  g e n e r a l  and more o f  a  p r o t o t y p e  f o r  c e n t r a l l y  
p lanned economies b u t  a t  t h e  same t i m e  o f f e r s  u s e f u l  i n s i g h t s  
i n t o  t h e  t e c h n i q u e  and t h e o r y  o f  modeling. I t  would be  o f  g r e a t  
i n t e r e s t  t o  see t h e  model a c t u a l l y  used  f o r  Hungary ' s  c a s e  s t u d y ,  
and t h e n  extended t o  i n c o r p o r a t e  more dynamic and d i s e q u i l i b r i u m  
a s p e c t s .  
5 .  SOME FINAL OBSERVATIONS ON FUTURE DEMOECONOMIC MODELING 
This  paper  has  reviewed f o u r  g e n e r a l  e q u i l i b r i u m  models b u i l t  
i n  o r d e r  t o  s t u d y  c a u s e s  and consequences o f  u r b a n i z a t i o n  and 
economic growth.  
The RDC model i n c o r p o r a t e s  t h e  advan tages  o f  t h e  e a r l i e r  
K e l l e y ,  Wil l iamson,  and Cheetham (KWC) model (Appendix 1 )  and 
expands it f o r  u s e  a s  a  p r o t o t y p e  f o r  models a n a l y z i n g  d e v e l o p i n g  
c o u n t r i e s .  The a u t h o r s  endogenize  inves tment  i n  human c a p i t a l ,  
hous ing ,  and t h e  u rban  l a n d  market .  They a l s o  i n t r o d u c e  t h e  d i s -  
t i n c t i o n  between t r a d e a b l e s  and n o n t r a d e a b l e s .  These a r e  e x c e l -  
l e n t  improvements i n  model b u i l d i n g  and a r e  i n  l i n e  w i t h  t h e  r e a l  
s i t u a t i o n s  e x i s t i n g  i n  contemporary d e v e l o p i n g  c o u n t r i e s ;  t h e y  
a l l o w  r e s e a r c h e r s  t o  h i g h l i g h t  i s s u e s  on u r b a n i z a t i o n  and  migra- 
t i o n  i n  a  growing economy. 
The t h r e e  ongoing c a s e  s t u d i e s  i n  HSS emphasize a s p e c t s  o f  
development  p e c u l i a r  t o  Mexico, Sweden, and Hungary. Each a d j u s t s  
t h e  RDC model t o  s u i t  t h e  c o u n t r y  s t u d i e d ,  a c c e n t u a t i n g  some a s -  
p e c t s  and s i m p l i f y i n g  o t h e r s .  A s  o f  today ,  however, none o f  t h e s e  
c a s e  s t u d i e s  h a s  been s i m u l a t e d  w i t h  e m p i r i c a l  d a t a  t h u s  p reven t -  
i n g  any f u r t h e r  review.  I n e v i t a b l y ,  t h e  d i s c u s s i o n  s h o u l d  now 
t u r n  t o  "what n e x t ? "  
I n  t h e  s h o r t  r u n ,  t h e s e  t h r e e  c a s e  s t u d i e s  s h o u l d  be  t e s t e d  
w i t h  e m p i r i c a l  d a t a .  T h i s  s h o u l d  b e  fo l lowed  by c a s e  s t u d i e s  
t h a t  i n c l u d e  more o f  t h e  contemporary,  s m a l l ,  and open d e v e l o p i n g  
economies. Comparison o f  t h e s e  w i t h  Sweden's (and J a p a n ' s )  h i s -  
t o r i c a l  c a s e  would p r o b a b l y  shed  more l i g h t  on  t h e  p r o c e s s  o f  
economic development .  
More e f f o r t s  s h o u l d  be g i v e n  t o  combine, e x p l i c i t l y ,  demo- 
* 
g r a p h i c  a s p e c t s  w i t h  t h e  k i n d  o f  modeling e x p r e s s e d  h e r e .  With 
t h e  p o p u l a t i o n  growth r a t e  exogenously  g i v e n ,  and l a b o r  f o r c e  
assumed a s  a  c o n s t a n t  p r o p o r t i o n  o f  t h e  p o p u l a t i o n ,  t h e  o n l y  demo- 
g r a p h i c  a s p e c t  i n  t h e s e  models so f a r  is r u r a l - u r b a n  m i g r a t i o n  
(and  e m i g r a t i o n  f o r  t h e  Swedish c a s e )  which i s  now o n l y  a  f u n c t i o n  
o f  some form o f  income d i f f e r e n t i a l s  between o r i g i n  and d e s t i n a -  
t i o n  a r e a s .  Many s t u d i e s  show t h a t  i n t e r n a l  m i g r a t i o n  i s  much 
more complex: age ,  s k i l l  l e v e l ,  e d u c a t i o n a l  l e v e l ,  t h e  s t a t u s  o f  
p o t e n t i a l  m i g r a n t s  i n  t h e  r u r a l  a r e a ,  f a m i l y  s t a t u s ,  and s e x  a l l  
*See,  however, Schmidt  ( fo r thcoming)  f o r  e f f o r t s  t o  combine 
demographic a s p e c t s  w i t h  t h e  RDC model. 
* * *  
matter. A simple Harris-Todaro framework is not enough when 
one is interested in more than just macro aggregates and in more 
demographic aspects of the economy. Hay's study, among others, 
uses the probability specification to cope with this complexity 
(Hay, 1980). In view of these, we could proceed toward the more 
explicit inclusion of aspects that are of interest to both demo- 
graphers and economists by disaggregating the population by age, 
income, education, and/or family size and by estimating the con- 
tinuous migration propensity in the key variables if possible: 
t if not, g r o u p - s p e c i f i c  migration propensity can be used instead. 
We have to be reminded,however, of the data requirement of these 
disaggregations. Studies, must, unfortunately, begin with avail- 
able data; where data are not available, more efforts should be 
given to the improvement of data bases. 
Another aspect that should be extended in future studies is 
income di~trib~tion, an important issue for contemporary develop- 
ing countries. It is now included in our modeling efforts o n l y  
to the extent that the computer will print out the functional 
distribution of income for each sector-shares of labor and capi- 
tal. This is within the framework of a general equilibrium model. 
An extension of this framework would enable us to disaggregate 
the population by income. This would require a mapping of the 
functional distribution of income into a size distribution. [In 
order to do this, Adelman and Robinson (1978) assumed sector- 
specific size distribution of income, and Lysy and Taylor (1978) 
disaggregated the population into a total of 130 income recipient 
classes.] In our future efforts in HSS, it would be more fruitful 
if the aspect of income distribution were included. This would 
enable both a more detailed study of demographic characteristics 
and a more accurate analysis of various welfare levels and dis- 
tributional policies. 
*See, for example, Caldwell (1968) , Brigg (1 971 ) , Byerlee 
(1974) , Nelson (1974), Yap (1976), Cornell et al. (1975), Hay 
(1980), and Barnum and Sabot (1975). 
**Todaro (1969), Harris and Todaro (1970). For modifica- 
tions see Johnson (1971), Porter (1973), Bhagwati and Srinivasan 
(1974), Corden and Findlay (1975), and Fields (1974). 
?This also holds for consumption-saving patterns, factor 
supply patterns, and, if feasible, fertility rates. 
Finally, the models reviewed here are all static, period- 
by-period equilibrium models. Although this method is very 
useful, there are always more approaches to be considered. Two 
such possibilities are dynamization and the introduction of non- 
Walrasian equilibrium or disequilibrium concepts. The problem 
with dynamization is primarily one of computation capabilities. 
The latter concepts, however, are very abstract and do not seem 
to be advanced sufficiently to handle numerically a whole econ- 
omy in this kind of a computable model. They do seem to contain, 
however, possibilities that are worth pursuing in the hopes of 
future application to development countries, which are inherently 
in disequilibrium. 
APPENDIX 1: THE KELLEY, WILLIAMSON, AND CHEETHAM MODEL 
The KWC model ( K e l l e y ,  Wil l iamson,  and Cheetham, 1972) i s  
i n c l u d e d  i n  t h i s  Appendix s i n c e  t h e  l a t e r  work o f  K e l l e y  and 
Will iamson i s  a n  expans ion  o f  t h e i r  o r i g i n a l  model. T h i s  model 
i s  s i m p l e  enough f o r  r e a d e r s  t o  see t h e  s t r u c t u r e  o f  a  comput- 
a b l e  g e n e r a l  e q u i l i b r i u m  model and i s  f l e x i b l e  enough t o  a l l o w  
p o l i c y  a n a l y s e s .  
B a s i c a l l y  what t h e  a u t h o r s  d i d  was t o  i n t r o d u c e  d u a l i s t i c  
consumption demand i n t o  t h e  o r d i n a r y  n e o c l a s s i c a l  two-sec to r  
growth model. The s u p p l y  s i d e  of  a  d u a l i s t i c  economy h a s  been 
s t u d i e d  by many i n c l u d i n g  Lewis ( 1 9 5 4 ) ,  F e i  and Ranis  ( 1 9 6 4 ) ,  
Jo rgenson  ( 1 9 6 1 ) ,  Zarembka ( 1 9 7 0 ) ,  and S a t o  and Niho ( 1 9 7 1 ) .  
These s t u d i e s  a r e  based on t h e  i d e a  t h a t  d e v e l o p i n g  economies a r e  
s u p p l y - c o n s t r a i n e d  and t h a t  f o r  t h e  a n a l y s i s  o f  long-term s t r u c -  
t u r a l  change,  demand i s  r e l a t i v e l y  un impor tan t .  But  w e  know t h a t  
demand does  have s t r o n g  e f f e c t s  on t h e  p a t h  o f  development .  
J a p a n e s e  economic development  i s  a  good example o f  a  c o u n t r y  t h a t  
has  been s u p p o r t e d  by t h e  s t r o n g  p r o p e n s i t i e s  o f  i t s  p o p u l a t i o n  
t o  consume t r a d i t i o n a l  ( i n d i g e n o u s )  s e c t o r  goods r a t h e r  t h a n  
modern ( u s u a l l y  impor ted)  s e c t o r  goods. Such i m p o r t a n t  a s p e c t s  
o f  development  a s  u r b a n i z a t i o n  and income d i s t r i b u t i o n  a r e  a l s o  
s t r o n g l y  i n f l u e n c e d  by t h e  t e r m s  o f  t r a d e  between a g r i c u l t u r e  and 
i n d u s t r y ,  which,  i n  t u r n ,  a r e  d i r e c t l y  a f f e c t e d  by p a t t e r n s  of  
demand. More d i s c u s s i o n  on t h e  r o l e  o f  demand c a n  be found i n  
Cheetham, K e l l e y ,  and Will iamson ( 1 9 7 4 ) .  Simply s a i d ,  t h e  KWC 
model is  a  modi f i ed  two-sec to r ,  two-c lass  economic growth model. 
The m o d i f i c a t i o n  comes from t h e  f a c t  t h a t  t h e i r  "consumers" i n  
two c l a s s e s  consume o u t p u t s  from b o t h  o f  t h e  two s e c t o r s .  
I s h a l l  go t h r o u g h  t h e  s k e l e t o n  o f  t h e  s t r u c t u r e  o f  t h e  
model h e r e .  The s u f f i c i e n t  c o n d i t i o n s  f o r  e x i s t e n c e ,  and unique-  
n e s s  o f  t h e  s o l u t i o n  a r e  summarized i n  t h e i r  book ( K e l l e y ,  
Wil l iamson,  and  Cheetham, 1972) .  For  a  more d e t a i l e d  d i s c u s s i o n  
o f  t h i s  model see Lluch (1977) and Sanderson (1980) . 
The two s e c t o r s  i n  t h e  KWC model a r e  i n d u s t r y  ( i n d e x  1)  and 
a g r i c u l t u r e  ( i n d e x  2 ) .  P r o d u c t i o n  i n  b o t h  s e c t o r s  i s  done by two 
f a c t o r s :  c a p i t a l  and l a b o r  ( e q u a t i o n s  1  and 2 ) .  Bath c a p i t a l  
and l a b o r  a r e  f u l l y  employed ( e q u a t i o n s  3 and 4 ) .  F a c t o r  r e t u r n s  
a r e  s imply  m a r g i n a l  v a l u e  p r o d u c t s  ( e q u a t i o n s  5 and 6 )  t h a t  ad- 
j u s t  i n s t a n t a n e o u s l y  i n  t h e  b a s i c  model and w i t h  c e r t a i n  l a g s  i n  
t h e  modi f i ed  model. Demands a r e  t h o s e  of  consumption and i n v e s t -  
ment. For  consumers who spend a l l  t h e i r  wage incomes, t h e  l i n e a r  
e x p e n d i t u r e  s y s t e m i s u s e d  w i t h  minimum s u b s i s t e n c e  needs  b e i n g  
o n l y  food ( e q u a t i o n s  7  and 8 ) .  A l l  c a p i t a l  r e t u r n s  a r e  saved  and 
i n v e s t e d  ( e q u a t i o n  9 ) .  The c l o s e d ,  p r i v a t e  s e c t o r  economy model 
i s  comple te  w i t h  market  c l e a r i n g  c o n d i t i o n s :  s u p p l y  e q u a l s  de- 
mand ( e q u a t i o n s  10 and 1 1 ) .  
* 
B a s i c  S t r u c t u r e  o f  t h e  KWC Model 
*Techn ica l  p r o g r e s s ,  i n  t h e  c a s e  o f  f a c t o r  augmenting can  
be i n c o r p o r a t e d  by j u s t  measur ing  c a p i t a l  and l a b o r  i n  e f f i c i e n c y  
u n i t s  . 
(Numeraire = P2) 
where 
Qi Output o r  va lue  added o f  s e c t o r  i ,  i = 1 ,2  
K C a p i t a l  employed i n  s e c t o r  i i 
Li Labor employed i n  s e c t o r  i 
K T o t a l  c a p i t a l  s t o c k  
L T o t a l  l a b o r  
W Wage r a t e  
r Rate  of  r e t u r n  on c a p i t a l  
Pi P r i c e  o f  s e c t o r  i good 
I T o t a l  i n v e s t m e n t  
D i j  Household demand o f  c a t e g o r y  j f o r  s e c t o r  i good 
i j Minimum b a s i c  need o f  good i by household  c a t e g o r y  j 
' i j  Marginal  p r o p e n s i t y  t o  consume from supernumerary  i n -  
come o f  good i by household  c a t e g o r y  j .  
k Rate  of  c a p i t a l  s t o c k  i n c r e a s e  
6 Rate  o f  d e p r e c i a t i o n  
Ra te  o f  l a b o r - f o r c e  growth 
n1 Ra te  of  urban l a b o r - f o r c e  growth 
"2 Ra te  o f  r u r a l  l a b o r - f o r c e  growth 
u  P r o p o r t i o n  o f  l a b o r - f o r c e  l i v i n g  i n  urban a r e a  
Dynamic a s p e c t s  i n  t h e  b a s i c  model b e s i d e s  t e c h n i c a l  p r o g r e s s  
a r e  c a p i t a l  accumula t ion  and l a b o r - f o r c e  growth ( e q u a t i o n  1 3 ) .  
For  t h e  l a t t e r  t h e  a u t h o r s  assume d i f f e r e n t  growth r a t e s  between 
urban ( i n d u s t r i a l )  l a b o r  f o r c e  ( n ,  ) and r u r a l  ( a g r i c u l t u r a l )  l a b o r  
f o r c e  ( n 2 ) .  I n  c h a p t e r  7 t h e  a u t h o r s  b r i n g  i n  t h e  f a c t o r  market  
i m p e r f e c t i o n .  The i n s t a n t a n e o u s  f a c t o r  marke t  a d j u s t m e n t  i s  
abandoned. The i n t e r s e c t o r a l  i n v e s t m e n t  i s  now 
where I i j  i s  t h e  i n v e s t m e n t  i n t o  s e c t o r  i o u t  o f  s a v i n g  i n  s e c t o r  
j ( S j ) ,  and p and r a r e  p a r a m e t r i c  c o n s t a n t s .  T h a t  i s ,  u n l e s s  
t h e  f a c t o r  r e t u r n  d i f f e r e n t i a l s  a r e  h i g h e r  t h a n  T t h e r e  would b e  
no c r o s s - s e c t o r  i n v e s t m e n t .  Even i f  t h e  d i f f e r e n c e  i s  more t h a n  
T ,  t h e  f low o f  i n v e s t m e n t  i n t o  t h e  o t h e r  s e c t o r s  would o c c u r  grad-  
u a l l y  ( F i g u r e  1 ) .  
-T T r -1: 
I 1 2  
Industrial  c a p i t a l i s t s  I A l l  savings  I Agricultural  c a p i t a l -  
i n v e s t  a share o f  sav- / are invest-  ! ists i n v e s t  a share o f  
, saving ( i l 2 )  i n  indus- i n g s  ( iZ1)  i n  agr icu l -  I ed i n  the  , 
ture .  Agricultural  1 Sector of , t r y .  Industrial  capi- 
c a p i t a l i s t s  inves t  a l l  1 o r i g i n  I t a l i s t s  inves t  a l l  
savings  i n  agr icu l ture .  I . savings  i n  industry 
I i 
F i g u r e  1 .  The r a t e  of  i n t e r s e c t o r a l  f low of  i n v e s t m e n t  
( s o u r c e :  a d a p t e d  f r o n  Ke l l ey ,  Wil l iamson,  and 
Cheetham, 1972:242).  
A s i m i l a r  c a s e  e x i s t s  f o r  l a b o r  m i g r a t i o n .  The p o p u l a t i o n  
responds  t o  d i f f e r e n t i a l s  between urban wage ( W 1 )  and r u r a l  wage 
( W 2 )  and m i g r a t e s t o t h e  h i g h e r  wage a r e a  w i t h  some t i m e  l a g s .  
D i f f e r e n t  b e h a v i o r a l  p a t t e r n s  a r e  assumed, however, between r u r a l  
and urban p o p u l a t i o n s .  The former  f e e l s  t h a t  t h e r e  i s  some c o s t  
( 8 )  t o  m i g r a t i o n ,  and w i l l  n o t  s t a r t  moving i n t o  t h e  c i t y  u n l e s s  
t h e  wage d i f f e r e n t i a l  exceeds  t h i s  c o s t ,  w h i l e  t h e  l a t t e r  does n o t  
c o n s i d e r  t h e  c o s t  and s t a r t s  m i g r a t i n g  t o  t h e  r u r a l  a r e a  a s  soon 
a s  t h e  r u r a l  wage becomes h i g h e r  t h a n  t h e  u rban  wage ( F i g u r e  2 ) .  
Thus, 
o t h e r w i s e  m 1 2  = 0 
and 
Urban t o  r u r a l  I no 8 Rural t o  urban 
W1 - W 2  migration I migration I migration 
F i g u r e  2. The r a t e  o f  i n t e r s e c t o r a l  m i g r a t i o n  o f  l a b o r  due  t o  
changes  i n  wages ( s o u r c e :  a d a p t e d  from K e l l e y ,  
Wil l iamson,  and Cheethem, 1972:250).  
o t h e r w i s e  m21 = 0  
where M i j  is  m i g r a t i o n  from s e c t o r  j t o  s e c t o r  i. 
K e l l e y  and Will iamson b a s i c a l l y  u s e  t h i s  model f o r  s t u d y i n g  
J a p a n e s e  e x p e r i e n c e s  from 1889 t o  World War I ( K e l l e y  and William- 
son,  1974) .  Because o f  t h e  method t h e y  used ( s i m u l a t i o n  and  i n -  
comple te  e s t i m a t i o n o f  p a r a m e t e r s  and t h e  n e o c l a s s i c a l  a s s u m p t i o n s ,  
see s e c t i o n  2  o f  t h i s  p a p e r )  t h e i r  work was r e c e i v e d  w i t h  less- 
than-expec ted  en thus iasm by J a p a n e s e  development  economis t s  and 
economic h i s t o r i a n s .  But ,  t h e  book a l s o  p u z z l e d  t h e  Japanese :  
... t h e i r  s o l u t i o n  i s  v e r y  c l o s e  t o  r e a l i t y  a s  f a r  a s  
t h e  t r e n d s  o f  b a s i c  v a r i a b l e s  ( p r i c e s ,  wages, o u t p u t ,  
l a b o r ,  e t c . )  a r e  concerned . . .  Anyway, t h e  mode l ' s  
c a p a c i t y  t o  r e p l i c a t e  a c t u a l  h i s t o r y  i s  much h i g h e r  
t h a n  e x p e c t e d  from t h e  b a s i c  a s sumpt ions  o f  p e r f e c t  
f a c t o r  m o b i l i t y ,  p e r f e c t  c o m p e t i t i o n ,  f u l l  employment, 
r a t i o n a l  economic a g e n t s ,  and s o  on ,  e s p e c i a l l y  i f  w e  
t a k e  i n t o  c o n s i d e r a t i o n  t h e  s o c i a l  background o f  M e i j i ,  
J a p a n  (Tokoyama, 1975: 4 2 6 ,  t r a n s l a t e d  by t h i s  a u t h o r )  . 
I t  i s  wor th  o u r  w h i l e  t o  p u r s u e  t h e  i d e a s  p r e s e n t e d  i n  t h e  
KWC and t h e  p r e v i o u s  Kelley-Will iamson model when a n a l y z i n g  
economic development  f o r  b o t h  p a s t  and p r e s e n t ,  d e s p i t e  some un- 
s o l v e d  methodo log ica l  i s s u e s ,  inter a Z i a ,  t h e  i m p o s s i b i l i t y  o f  
t e s t i n g .  T h i s  is  e x a c t l y  what h a s  been done by t h e  s c h o l a r s  a t  
HSS and which h a s  now been reviewed i n  t h i s  p a p e r .  
APPENDIX 2: THE JAPAN MODEL 
The Japan mode1,which I am using (Shishido, 1981) emphasizes 
Japan's urbanization and economic growth between 1905 and 1930 
and between 1953 and 1963, especially the dualism not only in 
the rural-urban dichotomy, but also in the urban sector-princi- 
pally that of manufacturing. In the course of Japanese economic 
development, wage rates in small scale and large scale firms for 
Similar work began to diverge, and the differentials persisted 
for a long time. It is argued by many that wage differentials 
emerged after World War I, and the distinctive "differential 
* 
structure" remained until the end of the 1960s. 
During this long dualistic period, the traditional part of 
the economy played a very important role. First, during the 
early phase of development, agriculture supported the incipient 
stage of economic development: supplying sources of capital 
accumulation (i.e., land tax to the government which accumulated 
public capital, and rent to landlords who accumulate private 
capital) and supplying foreign exchange through raw silk exports. 
*This term is that of Ohkawa's (Ohkawa, 1972) . He avoids 
the use of "dualistic" since it implies dichotomy and he finds 
the Japanese economy to be a "continuous" differential struc- 
ture. ~ u t  he term "dualistic" is used here for consistency 
in this review. 
I n  t h e  f o l l o w i n g  phases ,  t r a d i t i o n a l  s e c t o r s  i n  r u r a l  and 
urban a r e a s  p layed t h e  i m por t an t  r o l e s  o f  ab so rb ing  l a b o r  t h a t  
was n o t  h i r e d  by t h e  s t i l l  sma l l  modern s e c t o r ,  of  supp ly ing  
s o u r c e s  o f  su b - co n t r ac t  work f o r  t h e  modern s e c t o r ,  and conse- 
q u e n t l y  keep ing  t h e  a g e - r e n t a l  r a t i o  " r i g h t "  i n  view of  t h e  
o v e r a l l  f a c t o r  endowments o f  t h e  economy. 
One t h i n g  o b s e r v e r s  n o t i c e  abou t  t h e  Japanese  modern sec- 
t o r ' s  employment p a t t e r n  was t h a t  it  has  l a r g e l y  been demand- 
dominated. So t h e  employment p a t t e r n s ,  and t h e  economic growth 
p a t h ,  were l a r g e l y  de te rmined  by t h e  inves tment  p a t t e r n s  o f  va r -  
i o u s  s e c t o r s .  An emphasis  i s  p l a c e d ,  t h e r e f o r e ,  on d i f f e r e n t  
inves tment  b eh av i o r s  of d i f f e r e n t  s e c t o r s ,  and d i f f e r e n t  t e ch -  
n o l o g i e s  o v e r  t i m e  have been chosen.  It  i s  assumed t h a t  t h e  
t e c h n o l o g i e s  a r e  put ty-semi-put ty ,  w i t h  ve ry  l i m i t e d  e x  p o s t  
s u b s t i t u t a b i l i t y  f o r  t h e  modern s e c t o r s ;  put ty-semi-put ty  b u t  
w i t h  s u b s t a n t i a l  ex p o s t  s u b s t i t u t a b i l i t y  f o r  t r a d i t i o n a l  manu- 
f a c t u r i n g ;  and p u t t y - p u t t y  f o r  a g r i c u l t u r e  and o t h e r  s e c t o r s .  
Inves tment  i s  c a r r i e d  o u t  a cco rd ing  t o  e x p e c t a t i o n s  on s e c t o r -  
s p e c i f i c  wage-renta l  r a t i o  and f u t u r e  demand. 
The f o l l o w i n g  summarizes t h e  f e a t u r e s  o f  t h e  model: 
D i f f e r e n t  s e c t o r  d i v i s i o n s  a r e  used.  
Embodied t e c h n i c a l  changes  ( a  v i n t a g e  model) a r e  
used w i t h  s e c t o r - s p e c i f i c  t e c h n o l o g i e s  o v e r  t i m e .  
C a p i t a l  s t o c k  i s  d i s a g g r e g a t e d  i n t o  s t r u c t u r e  and 
equipment.  
Inves tment  i s  c a r r i e d  o u t  a cco rd ing  t o  e x p e c t a t i o n s  
and t h e  a v a i l a b i l i t y  o f  funds  from sav ing .  
The l a b o r  c o s t  i n c l u d e s  t h e  t e chno logy - spec i f i c  
t r a i n i n g  c o s t .  
T r an sp o r t  c o s t  i s  e x p l i c i t l y  i nco rpo ra t ed .  
Rural-urban m i g r a t i o n  depends on t h e  number o f  jobs  
newly a v a i l a b l e  i n  each  s e c t o r .  
A d i s t i n c t i o n  i s  made between compe t i t i ve  and non- 
c o m p e t i t i v e  impor t s .  The Armington s p e c i f i c a t i o n  
i s  used f o r  c o m p e t i t i v e  impor t s  and e x p o r t s .  
The s e c t o r  d i v i s i o n  employed f o r  pre-World War I1 i s  a s  
* fo l l ows  : 
Modern I n d u s t r y  
T e x t i l e  I n d u s t r y  
T r a d i t i o n a l  I n d u s t r y  
Modern S e r v i c e  
Cons t ruc t i on  
Urban T r a d i t i o n a l  S e r v i c e  
** 
Rura l  S e r v i c e  
Agr i cu l  t u r e t  
Urban housing 
Rural  housing 
U s e  of  Vintage  Model 
Embodied t e c h n i c a l  changes ,  t h e  r a t e s  o f  which d i f f e r  by 
s e c t o r s ,  a r e  assumed i n  t h e  model. F igure  3 g i v e s  a  schemat ic  
e x p l a n a t i o n  o f  what t h i s  means. Because o f  l i t t l e  s u b s t i t u t -  
a b i l i t y  between f a c t o r s  i n  t h e  modern s e c t o r s ,  t h e  a v a i l a b l e  
c a p i t a l  and inves tment  o f  yea r  t almost  de t e rmines  t h e  employ- 
ment o f  t h e  yea r  t + l .  Then t h e  rest of  t h e  urban l a b o r  f o r c e  
w i l l  be  employed i n  t h e  t r a d i t i o n a l  s e c t o r s  pushing down t h e  
" 
wage i n  t h e s e  l a t t e r  s e c t o r s .  
There a r e  f a m i l i a r  t h e o r e t i c a l  problems w i t h  embodied t ech-  
n i c a l  p r o g r e s s .  W e  know d i f f e r e n t  v i n t a g e  machines should  have 
d i f f e r e n t  i npu t -ou tpu t  c o e f f i c i e n t s .  W e  know t h a t  u n l e s s  t h e  
r a t e s  o f  r e t u r n  on d i f f e r e n t  v i n t a g e s  grow a t  a  s t e a d y  s t a t e  
they  may d i f f e r .  W e  know t h e r e  i s  t h e  a g g r e g a t i o n  problem un- 
less t e c h n i c a l  p r o g r e s s  i s  p u r e l y  c a p i t a l  augmenting. ( R e c a l l  
s t e a d y  s t a t e s  a r e  compat ib le  w i t h  on ly  l a b o r  augmenting t e chn i -  
c a l  p r o g r e s s . )  The l i f e t i m e  o f  each v i n t a g e  shou ld  b e  endogen- 
ous  due t o  t h e  economic obso lescence .  But I am ready  h e r e  t o  
*For post-World W a r  11, r e s u l t s  o f  Motai and Ohkawa (1978) 
w i l l  be  used e x t e n s i v e l y .  
**This i n c l u d e s  r e t a i l  i n  t h e  r u r a l  a r e a ,  l o c a l  t r a n s p o r t  
s e r v i c e  (animal-drawn c a r t s ,  e t c . ) ,  r u r a l  p e r s o n a l  s e r v i c e s  a s  
dell  a s  r u r a l  housing c o n s t r u c t i o n .  But t h e  d a t a  are a t  b e s t  
meager and w i l l  be excluded from t h e  base  s i m u l a t i o n  e x c e p t  f o r  
housing c o n s t r u c t i o n .  
tRaw s i l k ,  f i s h e r y ,  and f o r e s t r y  a r e  a l s o  i n  t h i s  s e c t o r .  
R 
I modern ex ante 
\ modern ex w s t  
traditional 
traditional 
post 
ante 
I traditional expected w/rfL 
F i g u r e  3 .  D i f f e r e n t  e x  a n t e  f u n c t i o n s  and d i f f e r e n t  wage-renta l  
e x p e c t a t i o n s .  
make d r a s t i c a l l y  s i m p l i f y i n g  assumpt ions .  E i t h e r  t h e  i n p u t -  
o u t p u t  r e l a t i o n s h i p  o t h e r  t h a n  t h a t  of  pr imary  p r o d u c t i o n  f a c -  
t o r s  would be assumed c o n s t a n t  f o r  t h e  s i m u l a t i o n  p e r i o d  o r  mar- 
g i n a l  ( b e s t - p r a c t i c e  f i r m s )  i n p u t - o u t p u t  r e l a t i o n s h i p s  would b e  
e s t i m a t e d  from t h e  v e r y  c r u d e  c o n v e r s i o n  o f  a v e r a g e  t o  m a r g i n a l  
c o e f f i c i e n t s  u s i n g  two i n p u t - o u t p u t  t a b l e s  a t  d i f f e r e n t  t i m e s .  
The l i f e t i m e s  o f  v i n t a g e s  a r e  de termined by p h y s i c a l  and econ- 
omic obso lescence .  For t h e  l a t t e r ,  i f  any s t o c k  o f  a  v i n t a g e  
h a s  a  n e g a t i v ~  n e t  r a t e  o f  r e t u r n  f o r  two c o n s e c u t i v e  y e a r s ,  
t h e  whole v i n t a g e  i s  d i s p o s e d  o f  w i t h o u t  any c o s t .  For  t h e  f o r -  
m e r ,  b o t h  f i x e d  r a t e  and one-hoss-shay assumpt ions  w i l l  be ex- 
amined w i t h  r e s p e c t  t o  d e p r e c i a t i o n .  F i n a l l y ,  I assume t h e  
p r o d u c t s  from d i f f e r e n t  v i n t a g e s  i n  t h e  same s e c t o r  a t  t h e  same 
y e a r  a r e  comple te  s u b s t i t u t e s  t o  consumers.  For  example, f o r  
consumers,  c l o t h  woven i n  t h e  same y e a r  by a  20-year-old machina 
and a  new machine i s  c o m p l e t e l y  t h e  same p roduc t .  
Some of  t h e s e  assumpt ions  a r e  u n r e a l i s t i c .  E s p e c i a l l y  t h a t  
o f  i n p u t - o u t p u t  r e l a t i o n s h i p s .  But w i t h  t h e  l i m i t e d  d a t a ,  it 
may be o f  no u s e  t o  c o m p l i c a t e  t h e  p i c t u r e  any f u r t h e r ,  e s p e c i -  
a l l y  f o r  t h e  pre-World War I1 p e r i o d .  
For inves tment ,  i n v e s t o r s  a r e  assumed t o  have myopic- 
a d a p t i v e  e x p e c t a t i o n s .  They fo rmu la t e  e x p e c t a t i o n s  on wages, 
c a p i t a l ,  c o s t s ,  o u t p u t  p r i c e s ,  and on f u t u r e  demand. They a r e  
a l s o  aware of  e x  a n t e  produc t i on  f u n c t i o n s .  So t h e i r  in tended  
inves tment  would be  t h e  most e f f i c i e n t  e x  a n t e  c a p i t a l  o u t p u t  
r a t i o  m u l t i p l i e d  by expec ted  demand i n c r e a s e  o v e r  and above t h e  
p r e s e n t  c a p a c i t y .  The t o t a l  inves tment  i s  made e q u a l  t o  s av ing  
e i t h e r  by a r b i t r a r i l y  s c a l i n g  down (up)  t o t a l  inves tment  o r  by 
fo r ced  s av ing .  
Migra t ion  
From t h e  o b s e r v a t i o n  o f  m i g r a t i o n  p a t t e r n s  i n  t h e  p a s t  i n  
Japan,  it seems t o  b e  h i g h l y  l i k e l y  t h a t  demands f o r  l a b o r  by 
urban s e c t o r s  are de te rmin ing  t h e  t r e n d  o f  p o p u l a t i o n  movement 
a s  w e l l  a s  income d i f f e r e n c e s :  I t a k e  t h e  combinat ion o f  bo th  
a s p e c t s  and s p e c i f y  ru r a l -u rban  m i g r a t i o n  f lows.  
where 
i = urban s e c t o r s  
j = s k i l l e d ,  u n s k i l l e d  
b j  = r a t e  o f  t u r n o v e r  i n  s e c t o r  i 
f o r  s k i l l  l e v e l  j 
Y o  = average  income o f  owner c u l t i v a t o r s  
Y = average  income o f  p e a s a n t s  
P  
YN = ave rage  income of n o n a g r i c u l t u r a l  workers 
I n  words, t h e  number o f  a v a i l a b l e  openings  i n  urban a r e a s  
and t h e  wage (u rban)  and average  income ( r u r a l )  d i f f e r e n c e  (de- 
f l a t e d  by c o s t - o f - l i v i n g  d i f f e r e n c e s )  w i l l  de t e rmine  t h e  magni- 
t ude  o f  t h e  f low o f  mig ra t i on .  
T r a n s p o r t a t i o n  
Beside t h e  t r a d e  s p e c i f i c a t i o n ,  which i s  Argmington's ,  and 
which was d i s c u s s e d  above i n  t h e  s e c t i o n  on  t h e  Sweden model, 
t h e  on ly  remaining major f e a t u r e  t h a t  d i f f e r s  from t h e  RDC model 
i s  t h e  i n c l u s i o n  o f  t r a n s p o r t  c o s t .  T ranspo r t  c o s t  i s  used 
s o l e l y  f o r  commodities t r a n s p o r t e d  from r u r a l  t o  u rban  o r  urban 
t o  r u r a l .  The u n i t  c o s t  ( t r a d e  mark-up which i s  s e c t o r  s p e c i f i c  
i s  exogenous, and t h i s  w i l l  be r e l a t e d  t o  t h e  c o s t - o f - l i v i n g  
d i f f e r e n c e s  used t o  d e f l a t e  t h e  income d i f f e r e n c e  between urban 
and r u r a l  f o r  t h e  mig ra t i on  s p e c i f i c a t i o n .  
Concluding Remarks 
Th i s  rnodel i s  ambi t ious  i n  i t s  u se  o f  v i n t a g e s ,  i t s  e x  a n t e  
and e x  p o s t  d i s t i n c t i o n  i n  t h e  p roduc t i on  f u n c t i o n ,  and i t s  de te r - .  
mina t ion  o f  inves tment  through e x p e c t a t i o n s  i n  each  s e c t o r .  I t  
may be o v e r l y  ambi t ious  i n  view o f  t h e  a v a i l a b i l i t y  of  d a t a  i n  
pre-World War I1 p e r i o d s  [ a l t hough  I s h a l l  s i m u l a t e  t h e  post-World 
War I1 p e r i o d  (1953-1963) du r ing  which t i m e  c h a r a c t e r i s t i c s  of  
development cou ld  be  seen  a s  ve ry  s i m i l a r  t o  t h e  e a r l y  20 th  cen- 
t u r y ] ;  t h i s  may be t h e  b i g g e s t  drawback o f  t h e  model. I t  i s  hoped 
however, t h a t  t h e  unde r ly ing  s t r u c t u r e  of t h e  model c a p t u r e s  a  
good p a r t  of t h e  mechanism of Japanese  economic development w i t h i n  
t h e  l i m i t  o f  t h e  g e n e r a l  e q u i l i b r i u m  framework. 
APPENDIX 3 :  SUblMARIES OFTHE THREE CASE STUDY MODELS 
* 
NOTATIONS 
Qi o u t p u t  o f  s e c t o r  i 
c a p i t a l  s t o c k  o f  sector 
Li l a b o r  f o r c e  o f  s e c t o r  i 
Ri l a n d  a r e a  o f  a g r i c u l t u r a l  sector i 
p r o d u c e r ' s  p r i c e  o f  s e c t o r  i commodity 
value-added p r i c e  o f  s e c t o r  i commodity 
P: domest ic  p u r c h a s e r ' s  p r i c e  o f  s e c t o r  i commodity 
world p r i c e  o f  sector i commodity 
world p r i c e  o f  s e c t o r  i commodity from r e g i o n  k (k = 
'ik 
d o l l a r  r eg ion ,  r o u b l e  r e g i o n  - Hungary model) 
'i wage r a t e  o f  l a b o r  i n  s e c t o r  i 
r i r a t e  o f  r e t u r n  on c a p i t a l  i n  s e c t o r  i 
* ~ h e s e  n o t a t i o n s  a r e  s l i g h t l y  d i f f e r e n t  from t h e  n o t a t i o n s  
employed i n  t h e  r e s p e c t i v e  o r i g i n a l  papers ,  i n  o r d e r  t o  make t h e  
comparison o f  t h e  t h r e e  models e a s i e r .  
A s u p e r s c r i p t  o means t h e  base-year va lue  o f  t h e  v a r i a b l e  eon- 
ce rned .  
user cost of labor in sector i 
user cost of capital in sector i 
investment 
investment in sector (area) j 
investment in sector j from savings of sector i -  
Mexico model 
investment in sector j of capital stock type k (k = 
buildings, machines - Sweden model) 
consumption demand of labor (household) in sector 
(area) j for sector i commodity 
total consumption expenditure 
total consumption expenditure of labor (household) in 
sector (area) i 
marginal propensity to consume sector i commodity out 
of supernumerary income of labor (household) in sectd.r 
j 
marginal propensity to consume sector i commodity out 
of supernumerary income of capitalists (k = c) or 
laborers (k = 1) in sector j (Mexico model) 
minimum subsistence level of consumption (target level 
of consumption for the Hungary model) of sector i com- 
modity for laborers (household) in sector (area) j 
minimum subsistence consumption of sector i by popula- 
tion in sector j, class k (k = capitalists, laborers - 
Mexico model) 
savings 
savings from labor (households) in sector i 
competitive imports of sector i commodity 
competitive imports of sector i commodity from region 
k (k = dollar region, rouble region - Hungary model) 
noncompetitive imports of sector i commodity 
' ik  
G 
C 
I C R  
noncompet i t ive  i m p o r t s  o f  s e c t o r  i commodity from re- 
g i o n  k  ( k  = d o l l a r  r e g i o n ,  r o u b l e  r e g i o n  - Hungary 
model ) 
e x p o r t  o f  s e c t o r  i commodity 
e x p o r t  o f  s e c t o r  i commodity t o  r e g i o n  k  ( k  = d o l l a r  
region,  r o u b l e  r e g i o n  - Hungary model) 
r a t i o  o f  c o m p e t i t i v e  i m p o r t s  and domes t i c  s u p p l y  o f  
s e c t o r  i commodity - Sweden model 
r a t i o  o f  c o m p e t i t i v e  i m p o r t s  from r e g i o n  k  and domes t i c  
s u p p l y  o f  s e c t o r  i commodity - Hungary model 
e l a s t i c i t y  pa ramete r  o f  a  w i t h  r e s p e c t  t o  r e l a t i v e  i 
p r i c e s  (wor ld  p r i c e  and domes t i c  p r i c e )  - Sweden model 
e l a s t i c i t y  pa ramete r  o f  m w i t h  r e s p e c t  t o  r e l a t i v e  i k  
p r i c e s  [world ( r e g i o n  k )  p r i c e  and  domes t i c  p r i c e s ]  - 
Hungary model 
* 
e x p o r t  e l a s t i c i t y  - Sweden model 
e x p o r t  e l a s t i c i t y  t o  r e g i o n  k  - Hungary model 
s h a r e  o f  noncompet i t ive  i m p o r t s  from t h e  r o u b l e  r e g i o n  
e l a s t i c i t y  o f  a i  w i t h  r e s p e c t  t o  t h e  r e l a t i v e  p r i c e s  - 
Hungary model 
t r e n d  pa ramete r  f o r  t h e  impor t  o f  s e c t o r  2 commodity - 
Sweden model 
t r e n d  p a r a m e t e r s  f o r  e x p o r t  o f  s e c t o r s  1  and 3 - Sweden 
model 
exchange r a t e  
exchange r a t e  w i t h  c u r r e n c y  o f  r e g i o n  k  ( k  = d o l l a r  re- 
g i o n ,  r o u b l e  r e g i o n  - Hungary model) 
government consumption 
t o t a l  p r i v a t e  consumption 
consumption-investment  r a t i o  - Hungary model 
*This  is t h e  e l a s t i c i t y  o f  s u b s t i t u t i o n  o f  t h e  CES form 
a g g r e g a t e  p r o d u c t  f u n c t i o n .  See ,  Armington ( 1 9 6 9 ) .  
tw 
M I G  
mig 
t ime 
i n d i r e c t  t a x  i n  s e c t o r  i commodity 
t a r i f f  on goods imported from d o l l a r  and roub le  reg ions  
r e s p e c t i v e l y  - Hungary model 
t a r i f f  on goods expor ted  t o  d o l l a r  and roub le  r e g i o n s  
r e s p e c t i v e l y  - Hungary model 
t a x  on wages - Hungary model 
t o t a l  migran ts  from r u r a l  a r e a  - Sweden model 
r a t i o  of  migran ts  from r u r a l  a r e a  t o  t h e  r u r a l  popula- 
t i o n  - Sweden model 
t o t a l  emigrants  from Sweden t o  t h e  USA - Sweden model 
r a t i o  of emigrants  t o  t o t a l  migrants  - Sweden model 
r e a c t i o n  parameter of p o t e n t i a l  migrants /emigrants  t o  
wage d i f f e r e n t i a l s  
r a t i o  of t h e  weighted average of  t h e  urban s e c t o r  wage 
and t h e  wage i n  t h e  USA t o  t h e  r u r a l  s e c t o r  wage, a l l  
d e f l a t e d  by r e s p e c t i v e  cos t -o f - l i v ing  i n d i c e s  - Sweden 
model 
r a t i o  of  t h e  USA wage r a t e  and t h e  urban s e c t o r  wage 
r a t e ,  d e f l a t e d  by r e s p e c t i v e  c o s t - o f - l i v i n g  i n d i c e s  - 
Sweden iiiodel 
cos t -o f - l i v ing  index f o r  a r e a  i t  i = r u r a l ,  urban,  and 
USA - Sweden model 
weight i n  mig ra t ion  func t ions  - Sweden model 
r e l a t i v e  r a t e s  of r e t u r n  on l abo r  i n  urban s e c t o r  - 
Sweden model 
average wage i n  urban s e c t o r  - Sweden model 
r e l a t i v e  r a t e s  of  r e t u r n  on c a p i t a l  i n  urban s e c t o r  j - 
Sweden model 
average r a t e  of r e t u r n  on c a p i t a l  i n  urban s e c t o r s  - 
Sweden model 
rate of depreciation of capital stock in sector i 
return requirement on capital - Hungary model 
Lagrangian multiplier on production cost minimization 
VA (= pi ) - Hungary model 
share of saving from sector i reinvested in the same 
sector regardless of rates of return on capital in 
other sectors - Mexico model 
share of structure capital (buildings, .etc.) in total 
capital stock - Sweden model 
population in urban and rural areas respectively 
share of employment in region i of sector j, i = urban, 
rural - Hungary model 
input-output coefficients 
rate of mark-up on price of sector i commodity 
net turnover (or subsidy) on sector i commodity - Hungary 
model 
MEXICO MODEL 
Sector Division 
1. Urban modern/industrial 
2. Commercialized agriculture 
3. Small-scale agriculture 
4. Urban informal 
5. Public 
Major Features 
1. Disaggregation of agriculture into commercialized and 
small-scale sector. 
2. Assuming no technical progress in the small-scale ag- 
riculture and informal sectors. 
3. Capital market fragmentation expressed by the exogenous 
ci, i.e., the share of sector saving which is reinvested 
i n t o  t h e  same s e c t o r  r e g a r d l e s s  of  t h e  r e t u r n  i n  i t s  
own and o t h e r  s e c t o r s ( 0  < C 1 ,  c 2  < 1 ,  C 3  = 1 )  
4 .  Government investment s e c t o r - s p e c i f i c  b u t  exogenous. 
Qi = Qi (K.L.R. )  
1 1 1  
Factor  Returns 
Karginal  p r i n c i p l e  a p p l i e s  t o  a l l  s e c t o r s  except  f o r  l abor  
i n  s e c t o r  4 where average product is  received.  
Consumption Demand 
Investment 
i = 1,2,3 ,4  
j = 1,2,3 ,4  
k = c a p i t a l i s t s ,  
l a b o r e r s  
- Ii - Iil + Ii2 + Ii5 
( s a v i n g s  r a t i o  g iven )  
SWEDEN MODEL 
S e c t o r  D iv i s ion  
1. Primary 
2 .  Expor t -o r i en t ed  i n d u s t r y  
3 .  Homemarket-oriented i n d u s t r y  
4 .  S e r v i c e s  
5. Cons t ruc t i on  
Major F e a t u r e s  
1. E x p l i c i t  s p e c i f i c a t i o n  o f  emig ra t i on  from Sweden t o  USA. 
2. Emphasis on t h e  world t r a d e  w i th  l e s s - t h a n - i n f i n i t e  e l a s -  
t i c i t y  o f  s u b s t i t u t i o n  between home goods and f o r e i g n  
goods o f  t h e  same ca t ego ry .  
3 .  F a c t o r  r e t u r n s :  exogenous r a t i o  o f  r a t e s  o f  r e t u r n  be- 
tween d i f f e r e n t  s e c t o r s .  
4 .  No i n t e r - s e c t o r  c a p i t a l  movement, f i x e d  p r o p o r t i o n  o f  
c a p i t a l  (and i nves tmen t )  f o r  b u i l d i n g s  and s t r u c t u r e s .  
P roduc t ion  
F a c t o r  R e t u r n s  
P r i c e s  
w h e r e  
Demand 
T r a d e  
Inves tment  ( B  = B u i l d i n g ,  M = Machinery, u  = u r b a n  a r e a )  
M i g r a t i o n  
E M - 1 - e  e m = - -  -ow" 
M I G  
HUNGARY MODEL 
S e c t o r  D i v i s i o n  
1 .  Not de te rmined  ( n  s e c t o r s )  
2 .  ( n  + 1 )  th s e c t o r  i n v e s t m e n t  goods s e c t o r  
Major F e a t u r e s  
1 .  D i s a g g r e g a t i o n  o f  f o r e i g n  t r a d e  i n t o  d o l l a r  and 
r o u b l e  t r a d e  
2 .  U s e r  c o s t  o f  f a c t o r s  de te rmined  by endogenous t a x e s  
3 .  Prices marked up by exogenous r e q u i r e d  p r o f i t  r a t e s  
4 .  Inves tment  p r o p o r t i o n a t e  to  consumption 
5.  I n d u s t r i a l  a c t i v i t i e s  p o s s i b l e  t o  l o c a t e  i n  r u r a l  a r e a s  
F a c t o r  R e  t u r n s  
Household Demand 
Investment 
I = G + C ICR 
Trade 
Competitive Imports 
Mik = m (Qi - X i )  i k  
Noncompetitive Imports 
Exports 
k = rouble, dollar 
i = ll...ln 
P r i c e s  
P? = weighted average of domestic producers '  c o s t ,  d o l l a r  
3 
and roub le  reg ion  import p r i c e  
Employment 
i = urban,  r u r a l  
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